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ABSTRACT
R ec en tly ,  food p ro cess in g  has been suggested  as a method o f 
deg rada tion  fo r  p e s t i c i d e  r e s id u e s  In foods. Tissue samples and eggs 
contaminated w ith  M irex, an o rg a n o c h lo r in e , were obtained from craw­
f i s h  and M allard  Ducks p re v io u s ly  exposed to  f i r e  ant b a i t  c o n ta in in g  
Mirex (0.3% t e c h n ic a l  m a t e r i a l ) .  Crawfish were sub jec ted  to  a com­
m erc ia l therm al p ro c e ss in g  procedure (121°C, 15 p s ig ,  13 m in ) . Eggs 
as w ell  as c ra w f ish  were su b je c te d  to  a more d r a s t i c  hea t  t re a tm e n t  
(124°C, 18 p s ig )  f o r  2 and 6 hours ,  r e s p e c t iv e ly .  Analysis  o f  v a r ia n c e  
of Mirex re s id u e s  in  c o n t ro l  and processed  samples in d ic a te d  no s i g n i f ­
ic a n t  d i f f e r e n c e  i n  the  means of c o n t ro ls  or processed samples.
The i r r a d i a t i o n  o f  c raw fish  t i s s u e s  co n ta in in g  Mirex r e s id u e s  
w ith u l t r a v i o l e t  l i g h t  fo r  12 and 24 hours showed no s ig n i f i c a n t  d i f ­
ference in  th e  means o f c o n t ro ls  or t r e a t e d  samples. P h o to ly s is  and 
gamma i r r a d i a t i o n  o f  eggs ,  however, dem onstrated  a h ighly  s i g n i f i c a n t  
d i f fe re n c e  among th e  mean Mirex r e s id u e  co n ten t  o f  c o n tro ls  and th e  
means a t  v a r io u s  tim e i n t e r v a l s  as i r r a d i a t i o n  proceeded. A p p ro p ria te  
orthogonal comparisons from both  UV and gamma r a d ia t io n  t re a tm e n ts  
in d ic a te d  a l i n e a r  r e l a t i o n s h i p  between Mirex degradation  and in c r e a s ­
ing r a d i a t i o n  dosage.
Mirex d e g ra d a t io n  and new p roduct fo rm ation  were m onitored by 
e le c t ro n  c a p tu re  gas chromatography. New p ro d u c ts ,  monohydro and 
dihydro d e r iv a t iv e s  o f  M irex, were sep a ra ted  and id e n t i f i e d  by com­
bined flame i o n i z a t io n  gas chromatography-mass spectrom etry  as w e l l  
as r e t e n t io n  time d a ta .  E igh t UV and gamma i r r a d i a t i o n  p roduc ts  were
v i i i
d e te c t e d  of which four were assigned t e n t a t i v e  s t r u c t u r e s .  A mono- 
hydro d e r iv a t iv e  ob ta ined  from gamma i r r a d i a t i o n  only was p o s it iv e ly ,  
i d e n t i f i e d  by comparison o f  i t s  mass spectrum and r e t e n t i o n  time w ith  
t h a t  o f  an a u th e n t ic  sample.
ix
INTRODUCTION
W ithin a two year  p e r io d  p e r s i s t e n t  c h lo r in a te d  p e s t i c id e s  
(o rgan o ch lo r in es)  should be r e s t r i c t e d  to  those  uses e s s e n t i a l  only 
to  human h e a l th  and w e l f a r e .  This  s ta tem en t  was issued  in  l a t e  1970 
by the Commission on P e s t i c i d e s  and T he ir  R e la t io n sh ip  to  E nviron­
m ental H ea lth ,  a committee ap p o in ted  by the S ecre tary  o f th e  United 
S ta te s  Department of H e a l th ,  E d u c a tio n  and W elfare (Ramsey, 1970).
Although the  s c i e n t i f i c  community was aware of p e s t i c id e  con­
tam ina tion  a t  the o u t s e t ,  p u b l ic  awareness was f i r s t  aroused by Rachel 
C arson 's  book, S i l e n t  S p r in g , p u b lish e d  in  1962. Continued use and 
misuse of s t a b l e  o rg a n o c h lo r in e s  has r e s u l t e d  in  a continuous b u ild u p  
o f these  chem icals in  th e  s o i l ,  w a te r ,  p l a n t s ,  and anim als. E nv iron ­
m e n ta l i s t s ,  c o n s e r v a t io n i s t s ,  and th e  American pub lic  in  g e n e ra l  have 
become alarmed over p e s t i c id e  p o l l u t i o n  because the long-term  e f f e c t s  
of these  compounds on p l a n t  and anim al l i f e  are  s t i l l  no t  com pletely  
understood and ca ta lo g u ed .
The Food and Drug A d m in is t r a t io n  in  an e f f o r t  to  m a in ta in  e n v i ro n ­
m ental q u a l i ty  has e s t a b l i s h e d  a llo w ab le  to le ra n c e s  fo r  p e s t i c i d e s  used 
on raw a g r i c u l t u r a l  com m odities. M onitoring  of r e s id u e s  in  foods fo r  
human and animal consumption i s  performed d a i ly  by f e d e ra l  and s t a t e  
r e g u la to ry  agenc ies  as w e l l  as  in d u s t r y .  M ultires idue  methodology 
employing g a s - l iq u id  chromatography has allowed d e te c t io n  o f 60-70 
p e s t i c id e s  in  one o p e ra t io n .
Although g re a t  emphasis has been placed  on res id u e  c o n te n t  of 
raw a g r i c u l tu r a l  commodities and in  p rocessed  foods, th e re  i s  very
l i t t l e  a n a l y t i c a l  d a ta  which l in k s  p e s t i c id e  r e s id u e s  p r e s e n t  in  raw 
a g r i c u l t u r a l  commodities w ith  those  p re se n t  a f t e r  th e  p ro c e ss in g  
o p e r a t io n  o f th e se  p ro d u c ts  has been completed. These s tu d ie s  have 
dem onstra ted  t h a t  f a i r l y  la rg e  q u a n t i t i e s  o f  energy a re  r e q u i re d  fo r  
p e s t i c i d e  r e s id u e  d e g ra d a t io n .  Among the  v a r io u s  methods o f food 
p r e s e r v a t io n  a v a i l a b l e ,  therm al p ro c e ss in g ,  u l t r a v i o l e t  and gamma 
r a d i a t i o n  have been used s u c c e s s fu l ly  in  d e g ra d a t io n  o f  p e s t i c id e  
r e s id u e s  in  foods.
M irex, a p e r s i s t e n t  o rganoch lo rine  used in  th e  so u th e rn  s t a t e s  
as a t o x ic a n t  fo r  the imported f i r e  a n t ,  may soon be found in  our food 
supp ly . T he refo re  i t  was decided  to  study no t only  th e  s t a b i l i t y  of 
Mirex toward therm al p ro c e ss in g ,  bu t a lso  i t s  s t a b i l i t y  to  u l t r a v i o l e t  
and gamma r a d i a t i o n  as new food p re se rv a t io n  te c h n iq u e s .
LITERATURE REVIEW
S ynthesis  and P r o p e r t ie s  o f  Mirex 
M irex, dodecachloropentacyclo  ( 5 . 3 . 0 . 0 ^ ’^ . 0 ^ ’^ . 0^*®) decane,
shown below, was f i r s t  sy n th es ized  by P r in s  (1946) from o c ta c h lo ro -  
pentene in  the  presence of aluminum c h lo r id e .  More r e c e n t ly  Newcomer 
and McBee (1949) have prepared  i t  from h ex ach lo rocyc lopen tad iene  by 
r e a c t io n  w ith  aluminum c h lo r id e  in  b o i l i n g  methylene c h lo r id e .  A l­
though the e m p ir ic a l  formula, C-̂ qC I ^ j was ass ig n ed  to  Mirex by P r in s ,  
th e  s t r u c tu r e  was n o t e lu c id a te d  u n t i l  1956 by McBee e t  a l .
From in f r a r e d  and u l t r a v i o l e t  s p e c t r a  as  w e l l  as X-ray d i f f r a c t i o n  
d a ta ,  McBee proposed a "caged" s t r u c t u r e  which s a t i s f i e d  th e  chemical 
r e a c t i v i t y  and h igh degree o f symmetry c h a r a c t e r i s t i c  of Mirex. The 
s t a b i l i t y  o f  Mirex to  o x id a t iv e  and re d u c t iv e  co n d i t io n s  was a lso
a carbonaeous r e s id u e ,  a sm all amount o f  hexach lo ro cy c lo p en tad ien e , 
and a t r a c e  o f c h lo r in e .
Lofgren e t  a l .  (1962), in  sea rc h  o f  a  s u i t a b le  p e s t i c id e  fo r  
t h e  e r a d ic a t io n  of the imported f i r e  a n t ,  S o len o p sis  sav issam a, found
o
dem onstrated  by McBee. D egradation  o ccu rred  only a t  500 C y ie ld in g
3
t h a t  Mirex was q u i te  to x ic  to  t h i s  o i l - lo v in g  an t  w hile  i t s  t o x i c i t y  
to  mammals was much l e s s  than  the  p rev io u s ly  used p e s t i c i d e s ,  D ie ld r in  
and H ep tach lo r .  F u r th e r  t e s t i n g  by Lofgren e t  a l .  (1963) re v e a le d  
t h a t  0.3% M irex d is s o lv e d  in  14.7% soybean o i l  ( th e  a t t r a c t a n t ) ,  mixed 
w ith  85% corn cob g r i t s  ( th e  c a r r i e r ) ,  r e s u l te d  in  the  most e f f e c t i v e  
f i r e  an t  b a i t .  Today the  f i r e  a n t  b a i t  i s  produced commercially by the  
A l l ie d  Chemical Company.
E ra d ic a t io n  Versus Contro l
The im ported f i r e  an t  f i r s t  appeared in  the  U nited  S t a t e s  a t  
Mobile, Alabama, about 1918 as a r e s u l t  o f  t ra d e  w ith  L a t in  America 
(USDA, 1970). The imported v a r i e t y  due to  s i m i l i a r i t i e s  w ith  the  n a t iv e  
v a r i e t i e s ,  Si. gem inata and S3, x y lo n i , was no t r e a d i ly  d i s t in g u i s h a b le  
and p o s i t iv e  i d e n t i f i c a t i o n  was n o t made u n t i l  1930. The an t  qu ick ly  
spread through Alabama and M is s i s s ip p i  and by 1953 i t s  range  inc luded  
the  n ine  so u th e rn  s t a t e s  o f A rkansas, Alabama, F lo r id a ,  G eorgia , 
L ou is iana , M is s i s s ip p i ,  North C a ro l in a ,  South C a ro l in a ,  and Texas.
Since e x te n s io n  o f  th e se  boundaries  has no t occurred  in  th e  l a s t  twenty 
y e a rs ,  most en to m o lo g is ts  a re  o f the  opin ion  th a t  the  im ported f i r e  an t 
w i l l  not ex tend  i t s  boundaries  beyond th e  p re se n t  l i m i t s ;  however, some 
f e e l  t h a t  m ig ra t io n  could  occur westward to  C a l i f o r n ia .
In  the i n f e s t e d  so u th e rn  s t a t e s ,  i t  i s  e s t im a te d  t h a t  more than
a m i l l io n  people  a re  s tung  by the imported f i r e  a n t  each y e a r  (USDA,
*
1970). A few s t i n g  v ic t im s  a re  a l l e r g i c  and in  c e r t a i n  in s ta n c e s ,  the  
s t in g  has proved f a t a l .  Time l o s t  in  h a rv e s t in g ,  breakage o f farm 
m achinery, and labo r  lo s s  from s t in g s  has been e s t im a te d  a t  18 m i l l io n  
d o l l a r s  an n u a l ly .
In  the l a t e  f o r t i e s ,  f i r e  a n t  i n f e s t a t i o n  in  Alabama and M is s is ­
s ip p i  reached  major p ro p o r t io n s .  S t a t e  and f e d e ra l  agenc ies  i n i t i a t e d  
surveys to  study the  e x te n t  and s e v e r i t y  o f  i n f e s t a t i o n  as w e ll  as the 
b io lo g y ,  ecology, economic damage, and methods o f  c o n t r o l .
In  1957 a f e d e r a l ,  s t a t e ,  and lo c a l  program fo r  th e  imported f i r e  
a n t  was implemented under the  au sp ic e s  o f the  U nited S ta te s  Congress. 
S u b s ta n t i a l  funding was earmarked fo r  th e  co o p era t iv e  program. I n i t i a l l y ,  
H ep tach lo r  and D ie ld r in  were used as f i r e  a n t  to x i c a n t s ,  b u t  they were 
found to  a f f e c t  n o n - ta rg e t  organisms a d v e rse ly  (USDA, 1971). For t h i s  
re a so n  the  Methods Development L a b o ra to ry ,  USDA, P la n t  P e s t  D iv is io n ,  
G u lfp o r t ,  M is s i s s ip p i ,  conducted s c re e n in g  o p e ra t io n s  in  an e f f o r t  to  
f in d  a p e s t i c id e  h ig h ly  s p e c i f i c  fo r  th e  f i r e  a n t  bu t le s s  to x ic  to  non­
t a r g e t  organisms. The sea rch  led u l t im a te ly  to  the  u t i l i z a t i o n  of Mirex 
in  1962.
The f i r e  a n t  b a i t  c o n ta in in g  M irex, corn cob g r i t s ,  and soybean 
o i l  i s  a p p lied  a t  1.25 l b / a c r e ,  i . e .  1 .7  g o f  pure M ire x /a c re .  The b a i t  
i s  claimed by worker a n ts  and c a r r i e d  in to  the mound. The o i l  c o n ta in ­
ing  th e  Mirex i s  then  e x t r a c te d  and fed to  the queen, the  brood, and 
the  major and minor w orkers . Upon th e  q u een 's  d e a th ,  re p ro d u c tio n  
ceases  and the mound d i e s .
The United S ta te s  Congress in  1967 d i r e c te d  the USDA to  develop 
a p lan  fo r  complete e r a d ic a t io n  o f th e  imported f i r e  a n t .  F e a s i b i l i t y  
s tu d ie s  conducted by th e  N a tio n a l  Academy o f  S c ien ces -N a tio n a l  Research 
Council dem onstrated t h a t  Mirex could  accom plish  th e  ta s k  (USDA, 1971).
The e r a d ic a t io n  program, adopted in  1969, c a l l e d  fo r  the  a e r i a l  
a p p l i c a t i o n  of Mirex to  120 m i l l i o n  a c r e s .  The program would use 450 
m i l l i o n  pounds of Mirex b a i t  (0.3% M irex) which would be ap p lied  in  3
t re a tm e n ts  over a 12 y e a r  p e r io d .  The program was changed, however, 
to  one o f  c o n t r o l  s in c e  th e re  were s t i l l  too many unanswered q u e s t io n s  
re g a rd in g  th e  s a f e ty  o f  Mirex to  n o n - ta rg e t  organisms, and, th e  s t a t e s  
could no t lend  s u f f i c i e n t  f in a n c i a l  support fo r  a program of t h a t  
m agnitude.
E f f e c t  of Mirex on Ecosystems
The e f f e c t  o f  Mirex on c ru s ta c e a  was a t  f i r s t  q u e s t io n a b le .
Muncey and O liv e r  (1963) re p o r te d  th a t  Mirex a t  low le v e ls  (0 .1  ppm) 
had no e f f e c t  on re d  c ra w fish ,  Procambarus c l a r k i i . Delayed t o x i c i t y  
was observed by Ludke e t  a l .  (1971), however, a t  c o n c e n tra t io n s  up to  
5 ppb t e c h n ic a l  M irex. T o ta l  m o r t a l i t y  occurred from d i r e c t  exposure 
a f t e r  f iv e  days .
Markin e t  a l .  (1972) assayed Mirex re s id u e s  in  c raw fish  from 
seven p a r i s h e s  in  L o u is ia n a .  Only seven of the  t h i r t y  samples co n ta in ed  
re s id u e s  ran g in g  from 0 .01 t o  0 .07  ppm. I t  was concluded t h a t  Mirex 
a t  the l e v e l  p r e s e n t ly  used d id  no t endanger th e  L ouis iana  c raw fish  
in d u s try .
In  c o n t r o l l e d  s tu d ie s  conducted in  r i c e  f i e ld s  (Hyde, 1972), red  
craw fish  were found to  e x h ib i t  co n s id e ra b le  t o x i c i t y  to  M irex when 
app lied  a t  th e  p r e s c r ib e d  amount, 1.25 lb /a c r e ,  0.3% t e c h n ic a l  m a te r ia l .  
A s ig n i f i c a n t  d ec re a se  in  c raw fish  numbers was observed.
The e f f e c t  o f  Mirex on c a t f i s h  has  r e c e n t ly  rece iv ed  a t t e n t i o n .  
Maxwell (1971) s tu d ie d  the  e f f e c t  of Mirex on 131 channel c a t f i s h  
c o l le c te d  from 10 s t a t e s .  Residues were found in  the t i s s u e  o f  23 
muscle samples and 16 l i v e r  samples. Residue le v e ls  ranged from 0 to  
0.028 ppm in  muscle and 0 to  0.022 ppm in  l i v e r .
In  c o n t ro l le d  experim ents (Maxwell, 1971) c a t f i s h  were exposed 
to  w ater co n ta in in g  300 ppb M irex th e n  r e le a s e d  i n to  ponds. A fter four 
months the  f i s h  contained  0 .16 ppm M irex  in  blood and 0.03 and 0.09 ppm 
in  muscle and l i v e r ,  r e s p e c t iv e ly .  S im i l a r ly ,  c a t f i s h  exposed to  Mirex 
and then p laced  in  flow through tan k s  i n i t i a l l y  con ta ined  0.283 ppm in  
blood and 0 .664 ppm in  b ra in .  A f te r  e i g h t  weeks, le v e ls  dropped to  
0 .007 ppm i n  blood and 0.112 i n  b r a in  t i s s u e .  In  an o th e r  experiment, 
Maxwell a l s o  demonstrated th a t  a s im i l a r  d e c rease  in  Mirex re s id u e s  
occurred  a f t e r  feeding  c a t f i s h  d i e t s  c o n ta in in g  8 .78  and 12.19 ppm 
M irex. A f te r  excluding  Mirex from t h e  d i e t ,  Mirex re s id u e s  decreased 
from 0.87 ppm in  l i v e r ,  1.81 ppm in  b r a i n ,  and 0 .60  ppm in  muscle to  
0 .4 8 ,  0 .7 6 ,  and 0.35 ppm in  l i v e r ,  b r a i n ,  and m uscle , r e s p e c t iv e ly .
Tw enty-five samples of c a t f i s h  c o l l e c te d  by Hawthorne e t  a l .  
(1971) from Mirex t r e a te d  ponds in  M is s i s s ip p i  and Arkansas revealed  
no Mirex r e s id u e s .  C o ll in s  and Davis (1971) found, however, th a t  the 
recommended a p p l ic a t io n  of Mirex to  a  3 a c r e  pond y ie ld e d  0.65 ppm 
Mirex in  caged c a t f i s h  a f t e r  a s ix  month c o n ta c t  p e r io d .  No m o r ta l i ty  
was no ted .
Hyde (1972) observed t h a t  s u r v iv a l  o f  channel c a t f i s h  in  t r e a te d  
ponds was 33% le s s  than  th a t  i n  c o n t r o l  ponds. Weight d i f fe re n c e s  
among t re a tm e n ts  was in v e rse ly  p r o p o r t io n a l  to  le n g th  o f exposure.
Mirex was found in  c o n c e n tra t io n s  o f  0 .01  to  0 .03 ppm. On a f a t  b a s i s ,  
assuming t h a t  Mirex co n cen tra ted  in  l i p i d ,  the au th o r  c a lc u la te d  a 
va lue  g r e a t e r  than  0 .1  ppm. A ccording  to  the  p e s t i c i d e  re s id u e  t o l e r ­
ance e s ta b l i s h e d  fo r  Mirex (anonymous, 1969), t h i s  co n c e n tra t io n  r e p re ­
s e n ts  the maximum allow able amount f o r  meat and meat p ro d u c ts .
Lowe e t  a l .  (1971) po in ted  out t h a t  Mirex could  be t ra n s m i t te d  
In  a sim ple tw o-s tep  c h a in .  Ju v en ile  shrimp In  s ta n d in g  sea  w ater were 
fed  one p a r t i c l e  o f  f i r e  an t  b a i t .  More than  50% d ied  w i th in  96 hours .  
These shrimp were f ro z e n  and l a t e r  fed to  ju v e n i le  b lue  c rabs  and a l l  
c rabs  d ied  w i th in  14 days . Mirex r e s id u e s  averaged 1.1 and 0 .16  ppm, 
r e s p e c t i v e l y ,  in  shrimp and c rab s .
S im i la r ly ,  b lu e  c rab s  were fed small f i s h  c o n ta in in g  Mirex. Each 
o f  f iv e  ju v e n i le  b lue  crabs  were fed one f i s h  c o n ta in in g  1 .0  ppm or 
0 .4  microgram Mirex p e r  day fo r  5 days. Three c rabs  e x h ib i te d  symptoms 
o f Mirex po iso n in g  and d ied  3 weeks a f t e r  r e c e iv in g  the  l a s t  con­
tam ina ted  f i s h .  Upon a n a ly s is  these  crabs co n ta ined  0 .1 3 ,  0 .2 2 ,  and 
0 .25 ppm M irex. The rem aining  b lue  c rabs  were s a c r i f i c e d  a f t e r  5 weeks 
and were found to  c o n ta in  0 .10  and 0.13 ppm Mirex.
The e f f e c t  o f  M irex on avian  sp ec ies  has been in v e s t ig a te d  by
v
Tucker and C rab tree  (1970). I t  was found th a t  4 month o ld  m alla rd s  
experienced  m ild  a t a x i a  when fed 2400 ppm Mirex.
S t i c h e l  (1963) r e p o r te d  m o r ta l i ty  rang ing  from 0 to  81% in  m a lla rd s  
fed  200, 500, and 1000 ppm M irex. Naber and Ware (1965) dem onstrated  
t h a t  h ig h  le v e l s  o f  Mirex (300 and 600 ppm) fed to  dom estic  hens fo r  
16 weeks caused a 19% re d u c t io n  in  h a t c h a b i l i t y . Egg p ro d u c t io n  and 
food consumption were n o t  a f f e c te d  a t  the  le v e ls  a d m in is te re d .
Hyde (1972) in c o rp o ra te d  1.0 and 100 ppm Mirex in  the  d i e t  o f  
m a l la rd s  fo r  25 weeks. Egg s h e l l s  of ducks fed  1 .0  ppm were s l i g h t l y  
h e a v ie r  and th i c k e r  than  th e  c o n t r o ls .  M allards consuming 100 ppm 
M irex had th in n e r  and l i g h t e r  s h e l l s  than  the c o n t ro l  b i r d s .  Ducklings 
s u rv iv in g  a 2 week p o s t-h a tc h  per io d  numbered 72.6% in  th e  100 ppm
t re a tm e n t  and 93.8% in  the 1.0 ppm t re a tm e n t  w ith  95.77o su rv iv in g  in  
the  c o n t ro l  group. Residue a n a ly s i s  o f  t i s s u e  samples ranged from 1.5 
to  30 tim es the  d ie ta ry  amount. The h ig h e s t  r e s id u e  l e v e l ,  2964.9 ppm, 
was found in  f a t t y  t i s s u e .  Eggs c o n ta in e d  accum ulations  o f  2 .4  ppm 
fo r  the  1.0 ppm trea tm en t to  280 ppm fo r  th e  100 ppm t re a tm e n t .
Oral t o x i c i t y  to  mammals has been r e p o r te d  by Gaines and Kim­
brough (1969). A s in g le -d o se  LD^q f o r  a d u l t  female r a t s  (Sherman 
s t r a i n )  o f  365 mg/kg and a 90-dose UDijg (amount l e t h a l  to  50% in  90 
days) of 6 .0  mg/kg was ob ta in ed . Although th e  l e t h a l  o r a l  dose fo r  
Mirex i s  only 20% of t h a t  fo r  DDT, th e  c h r o n ic i ty  f a c to r  fo r  Mirex i s  
60 .8 ,  in d ic a t in g  th a t  Mirex i s  m e tab o lized  and e x c re te d  very  slowly 
in  c o n t r a s t  to  DDT which has a c h r o n ic i ty  f a c t o r  o f  only 5 .4 .
Gaines and Kimbrough a lso  found th a t  r a t s  fed  25 ppm Mirex had 
fewer o f f s p r in g  born a l iv e  than  the  c o n t r o l .  Many of th e  su rv iv o rs  
developed c a t a r a c t s .  Rats fed lower c o n c e n t r a t io n s ,  5 ppm M irex, had 
a reduced f e r t i l i t y  r e s u l t i n g  i n  s i g n i f i c a n t  in c re a se s  in  m o r ta l i ty .
Gibson e t  a l .  (1972) su b je c te d  m ature fem ale r a t s  to  Mirex
14 14C -labe led  rad iocarbon  as w e ll  as a C - la b e le d  monohydro d e r iv a t iv e
o f  Mirex ob ta ined  from UV i r r a d i a t i o n .  R ats  e x c re te d  18% o f  the t o t a l  
ad m in is te red  dose of r a d io a c t iv e  M irex d u r in g  a 7 day p e r io d .  A f te r  
48 hours f e c a l  e x c re t io n  accounted f o r  85% of th e  t o t a l  amount of Mirex 
e l im in a te d .  Only 0.3% was e l im in a te d  in  u r in e  over the  7 day p e r io d . 
Rats fed  250 ppm Mirex over a 7 day p e r io d  and th en  given a s in g le  dose 
o f  M ire x -^ C  e l im in a ted  25% of th e  t o t a l  ad m in is te re d  rad io ca rb o n  i n d i ­
c a t in g  a s l i g h t  decrease  in  i n t e s t i o n a l  a b s o rp t io n  w ith  in c re a s in g
14p e s t i c i d e  in ta k e .  T issue samples o f  r a t s  fed  a s in g le  dose o f Mirex- C
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In d ic a te d  t h a t  r e s id u e  tu rn o v e r  was extrem ely  slow s in c e  no d ecrease  
was observed in  Mirex co n ten t  o f  f a t t y  t i s s u e  a f t e r  a p e r io d  o f 28 
days. These f in d in g s  were c o n s i s t e n t  w ith  those  ob ta in ed  e a r l i e r  by 
Gaines and Kimbrough (1969).
The photoproduct which Gibson e t  a l .  (1972) o b ta in ed  from UV 
i r r a d i a t i o n  gave s im i la r  r e s u l t s  to  Mirex when ad m in is te red  o r a l ly  to  
r a t s .  There was a g r e a te r  amount of u n e x tra c ta b le  and w ate r  so lu b le  
rad io ca rb o n  in  fe c e s  o f  r a t s  t r e a t e d  w ith  the  photoproduct than  w ith  
Mirex. The a u th o rs  suggested  t h a t  the  pho toproduc t,  a  monohydro 
d e r iv a t iv e  o f  M irex, might be s u s c e p t ib le  to  m e tab o lic  a t t a c k  by the  
r a t s .
Mirex has been im p lic a te d  as  a tum or-inducer ( In n es  e t  a l . ,  1969). 
L iver tumors developed in  30 o f 60 mice (au to p s ied  a t  59 and 70 weeks) 
fed 10 mg/kg/day Mirex.
The s t a b i l i t y  o f Mirex and i t s  impact on th e  environm ent, com­
bined w ith  the  c o s t  o f  e r a d i a t i o n  program (200 m i l l io n  d o l l a r s ) ,  led 
USDA to  reduce a m u l t ip le  spray  program fo r  imported f i r e  a n t  e r a d ic a ­
t i o n  to  a one spray program of c o n t r o l .
Mirex e n te r in g  our food ch a in  as an u n in te n t io n a l  a d d i t iv e  i s  
i n e v i t a b l e ,  even a t  th e  " c o n t r o l” l e v e l .  The l i t e r a t u r e  p re v io u s ly  
c i t e d  (Ludke e t  a l . ,  1971; Markin e t  a l . ,  1972; Hyde, 1972; Maxwell, 
1971; C o l l in s  and D avis , 1971; Lowe e t  a l . ,  1971; Tucker and C ra b tre e ,  
1970; S t i c k e l ,  1963; and Naber and Ware, 1965) gave some in d ic a t io n  
o f  the b u ild u p  o f Mirex r e s id u e s  in  animal t i s s u e s  as w e l l  as i t s  
t o x i c i t y  to  mammals (Gaines and Kimbrough, 1969; and Innes e t  a l . ,
1969). I f  Mirex r e s id u e s  were found in  t i s s u e s  being  p rocessed  for
human consumption, would p r e s e r v a t io n  procedures  o f f e r  a  method fo r  
re n d e r in g  these  t i s s u e s  le s s  to x ic ?
S t a b i l i t y  o f  O rganoch lo rines  During Food Process ing
The s t a b i l i t y  o f  o rg an o ch lo r in es  to  food p ro cess in g  rece ived  
l i t t l e  a t t e n t i o n  u n t i l  a decade ago. A n a ly t ic a l  methods s e n s i t iv e  
enough to d e te c t  p e s t i c id e s  in  the  p a r t s  p e r  b i l l i o n  range were not 
a v a i la b le  u n t i l  th e  d isco v e ry  o f  gas chromatography. In v e s t ig a to r s  
b e fo re  th a t  time r e l i e d  on c o lo r im e t r ic  methods which were both  time 
consuming and cumbersome. The e a r l i e s t  r e p o r t  on the s t a b i l i t y  of 
o rganoch lo rines  du ring  food p r e s e r v a t io n  was pub lished  by T re s s le r  
(1947).
Using the  c o lo r im e t r ic  method o f  S c h le c te r  and H a l le r  (1944), 
T r e s s le r  in v e s t ig a te d  the  lo s s  o f p,p'-DDT durin g  thermal p ro cess in g  
in  g la s s  and unenameled cans .  No lo s s e s  were found during  p ro cess in g  
in  g la s s .  S o lu t io n s  o f DDT p rocessed  in  cans showed lo sse s  rang ing  
from 10 to 20%. T r e s s le r  (1947) a l s o  found t h a t  therm al p rocess ing  
of tomato ju ic e  to  which DDT had been added caused the  d e s t r u c t io n  of 
69% of the  i n i t i a l  c o n c e n t r a t io n  o f  p e s t i c id e  added.
B r i t t e n  and F a i r in g  (1950) dem onstrated t h a t  canning o f f r u i t s  
and v eg e tab les  c o n ta in in g  P a ra th io n ,  M ethoxychlor, and p,p'-DDD de­
graded 63.2% P a ra th io n ,  95.1% M ethoxychlor, and 51.2% DDD. They a lso  
r e p o r te d  th a t  Lindane caused th e  canned p roduc ts  to  develop a f la v o r  
resem bling  th a t  of the  crude p e s t i c i d e .  S ince  s p e c i f i c  c o lo r im e tr ic  
methods were employed fo r  th e  d e te rm in a tio n  o f th e  p e s t i c id e  r e s id u e s ,  
the breakdown products  were n o t  i d e n t i f i e d .
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The f in d in g s  in  th ese  e a r ly  s tu d ie s  a re  c o n s is te n t  w ith  th e  more 
s o p h is t i c a t e d  gas chrom atographic procedures now a v a i l a b l e .  Gas 
chromatography, however, allow s d e te c t io n  of d e g ra d a tio n  p ro d u c ts  
w ith  s im ultaneous  d e te c t io n  o f  the  p e s t i c id e  undergoing d e g ra d a t io n .
R ec en tly ,  Farrow e t  a l .  (1965), employing e l e c t r o n  c a p tu re  gas 
chromatography, observed the  convers ion  o f p,p'-DDT to  p,p'-DDD during  
therm al p ro c e ss in g .  Cans o f sp inach  were f o r t i f i e d  w ith  an ace tone  
s o lu t io n  of DDT to  y i e ld  a c o n c e n tra t io n  of 10 ppm. The sp in ach  was 
pureed and poured in to  f u l l y  enameled cans ,  se a le d ,  and p ro cessed  fo r  
50 m inutes  a t  240°F. The c o n te n ts  o f  s e v e ra l  cans were ana lyzed  by 
gas chromatography and a l s o  by t h i n  la y e r  chromatography. No p,p'-DDT 
was found by e i t h e r  method, b u t  bo th  procedures d id  r e v e a l  t h a t  p , p ' -  
DDD had in c re a se d  s u b s t a n t i a l l y  over the  i n i t i a l  amount found. Exact 
co n f irm a tio n  o f th e  convers ion  o f  p,p'-DDT to  p,p'-DDD was-made by 
in f r a r e d  sp e c tro p h o to m e tr ic  a n a ly s i s .
F u r th e r  s tudy  on th e  e x te n t  o f  conversion  a t  v a r io u s  p ro c e ss  
times y ie ld e d  th e  fo llow ing  in fo rm atio n : the c o n tro l  c o n ta in ed  8 .7  ppm 
p,p'-DDT, and 0 .09  ppm p,p'-DDD. A f te r  3 minutes th e re  was 6 .1  ppm 
DDT and 1.5 ppm DDD. S ix  m inutes gave 3 .8  ppm DDT and 3 .5  ppm DDD.
At 12 m inutes  only  2 .2  ppm DDT remained and a co rrespond ing  d ec rease  
o f 2.5 ppm DDD was a l s o  n o ted . A f te r  16 minutes th e r e  rem ained 2 .2  
ppm DDT and 1.7 ppm DDD. Farrow d id  no t sp ecu la te  as  to  th e  degrada­
t i o n  p ro d u c ts  o f  DDD. They co n ta in ed  no c h lo r in e ,  however, s in c e  
chromatograms d id  no t r e v e a l  the  fo rm ation  of new compounds which were 
s e n s i t i v e  to  e l e c t r o n  cap tu re  d e te c t io n .
R a l ls  and C ortes  (1972) only r e c e n t ly  in v e s t ig a te d  th e  com position
changes of r a d io a c t iv e  p,p'-DDT by b o i l i n g  a t  100°C fo r  2 hours in  
aqueous s o lu t io n s  w ith  s in g le  and m u l t ip le  food in g re d ie n ts  inc lud ing  
v a r io u s  amino a c id s ,  p e p t id e s ,  c a s e in ,  and w a te r  so lu b le  v itam in s .
They observed a maximum re d u c t io n  o f  10% when DDT was hea ted  s in g ly  
w ith  a c y s te in e  in d ic a t in g  t h a t  th e  s u l fh y d ry l  hydrogen o f  the amino 
a c id  p a r t i c ip a te d  in  hydrogeno lysis  invo lved  in  th e  conversion  o f DDT 
to  DDD. G lu ta th ione  under s im i la r  c o n d i t io n s  gave a 6% decrease  in  
DDT. With o th e r  amino ac ids  th e  r e d u c t io n  o f  DDT was n e g l ig ib l e .  De­
c re a se s  in  DDT in  the presence o f  m ix tu res  o f  in g re d ie n ts  were n o t 
found to  be a d d i t iv e  based on d a ta  o b ta in ed  when each in g re d ie n t  was 
hea ted  s in g ly  w ith  DDT. A m ix ture  o f  n in e  in g re d ie n ts  gave a 20% lo ss  
in  DDT compared to  a 40% loss  expected  from d a ta  c o l le c te d  from the 
s in g le  in g re d ie n ts .  The m ix tu res  o f d e g ra d a t io n  p roducts  from th e  h e a t  
t re a tm e n t of DDT were i d e n t i f i e d  by th in  la y e r  chromatography and 
q u a n t i ta te d  by p e rcen t  r a d i o a c t i v i t y  a s s o c ia te d  w ith  each spo t.
K o lv is to in en  e t  a l .  (1965) dem onstra ted  the  d isappearance of 
Captan from f r u i t  during  canning. B lanching  accounted fo r  a 30% loss  
w hile  canning r e s u l t e d  in  complete d e s t r u c t io n .
S o la r  e t  a l .  (1971) dem onstrated  th e  e f f e c t s  o f  f re e z in g  
(blanched and unblanched) and therm al p ro c e ss in g  (water and no w ater)  
on n o n - i r r a d ia te d  and gam m a-irradiated  p o ta to e s  c o n ta in in g  A ld r in ,  
H eptachlor Expoxide and Endrin . I r r a d i a t i o n  (0 .87  Mrad) o f unprocessed 
p o ta to e s  caused lo sse s  of 30.1%, 42.5% and 4.2% in  A ld r in ,  H eptachlor 
Epoxide and Endrin , r e s p e c t iv e ly .  When p o ta to e s  were therm ally  
p rocessed  (240°F, 10 p s ig )  fo r  30 m inutes and then  i r r a d i a t e d  a t  the 
same le v e l ,  no lo sses  were observed . Thermal p ro cess in g  (water and
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no w a te r )  and f r e e z in g  (blanched and unblanched) r e s u l t e d  in  s i g n i f ­
i c a n t  lo s s e s  in  a l l  p e s t i c id e  re s id u e s  p re se n t .
C e r ta in  o rg an o ch lo rin es  a re  degraded during  commercial p ro cess in g  
o f m ilk .  T e lo d r ln  and Methoxychlor r e s id u e s  when added to  m ilk  and 
processed  in to  co n c e n tra te d  d r ie d  and s t e r i l i z e d  p ro d u c ts  r e s u l t e d  in  
d e g rad a tio n  of p e s t i c i d e  r e s id u e s  (Stemp and L isk a ,  1966). Between 
40-507, o f  th e  T e lo d r in  was des troyed  during  the e v a p o ra t io n  o f  milk 
and 10-20% d u r in g  spray  and drum d ry ing  of m ilk .  Methoxychlor was no t 
degraded d u r in g  m anufacture  of dry whole m ilk , b u t  20% d e p le t io n  
occurred  d u r in g  e v a p o ra t io n .
McCaskey e t  a l .  (1967) s tudy ing  p e s t ic id e  r e s id u e  d eg ra d a t io n  in  
d a iry  p roduc ts  dem onstrated  t h a t  Endosulfan decreased  17.5% and C hlo r-  
dane, 11.2% d u r in g  e v a p o ra t io n  o f m ilk .  F u r th e r  d e g ra d a t io n  was noted  
as th e  ev apora ted  m ilk  was d r ie d .  Losses o f  Endosu lfan  and Chlordane 
in  drum d r ie d  m ilk  were 70% and 50%, r e s p e c t iv e ly .
The breakdown of p e s t i c id e  r e s id u e s  has a l s o  been r e p o r te d  in  
cooking of p o u l t r y .  Methoxychlor, Chlordane and T e lo d r in  (McCaskey 
e t  a l . ,  1968) were fed to  lay e rs  and re s id u e  assays  were made on raw 
dark and w h ite  meat as w e l l  as cooked dark  and w h ite  meat (au toc laved  
3 hours a t  121°C). The re s id u e  co n ten t  of raw dark  meat was h ig h er  
than th a t  found in  raw w hite  meat. Methoxychlor was no t recovered  in  
raw or cooked meat t o  any a p p re c ia b le  e x te n t .  T e lo d r in  was recovered  
from raw t i s s u e ,  b u t  no t from cooked t i s s u e .  Chlordane decreased  50% 
during  a u to c la v in g .
R itchey  e t  a l .  (1967) fed b r o i l e r s  p,p'-DDT and Lindane fo r  9 
weeks. When the b i r d s  were cooked, baked or f r i e d ,  a d ecrease  in  the
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amount o f  DDT was noted w ith  a co rrespond ing  in c re a s e  in  p,p'-DDD, 
c o n s is t e n t  w ith  the  r e p o r t  o f  Farrow (1965) d e s c r ib e d  e a r l i e r .  Gen­
e r a l l y  th e re  was g r e a te r  decomposition o f  r e s id u e s  du ring  f ry in g  than 
baking which the  au th o rs  a t t r i b u t e d  to  h ig h e r  tem pera tu res  involved 
in  the  f ry in g  p ro c e ss .
Laying hens were fed  DDT, Lindane, D ie ld r in  o r H eptachlor 
(L iska  e t  a l . ,  1967). Cooking the  hens in  w a te r  a t  190-200CF fo r  3 
hours  reduced r e s id u e  con ten t up to  90%. The r e s id u e  co n ten t  from the  
d r ip p in g s  approxim ately  equaled th e  abdominal f a t  o f  the  b i rd s  b e fo re  
cooking. The r a t e  a t  which f a t  and p e s t i c i d e s  were rendered  d i f f e r e d  
between dark and w hite  meat. H ep tach lo r ,  DDT and D ie ld r in  were removed 
from w hite  meat more quickly  than  the f a t  w h ile  D ie ld r in  was removed 
more slowly from dark  t i s s u e  than  f a t .
On a u to c la v in g  the carcasses  a t  121°C and 15 p s ig  fo r  3 h o u rs ,  
e s s e n t i a l l y  a l l  the  Lindane, DDT, Endrin  or D ie ld r in  was rendered  from 
the  t i s s u e .  H ep tach lo r ,  which appeared as  H e p tach lo r  Epoxide, was not 
rendered  from th e  f a t t y  t i s s u e  to  any a p p re c ia b le  e x te n t .  Only DDT 
degraded s l i g h t l y ,  b u t  no attem pt was made to  i d e n t i f y  the  breakdown 
p r o d u c ts .
U l t r a v io l e t  r a d i a t i o n  has a lso  been shown to  degrade organo- 
c h lo r in e s .  L i and B radley  (1967) app ly ing  UV r a d i a t i o n  to  a s tream  
o f m ilk  contam inated w ith  various  p e s t i c i d e s ,  found t h a t  Methoxychlor 
was degraded 33%; DDT, 17%; Kelthane, 11%; P e r th a n e ,  11%; DDD, 9%; 
and H eptachlor Epoxide, 7%.
Photochemical deg rada tion  by u l t r a v i o l e t  l i g h t  o f  o rganoch lo rines  
in  d i f f e r e n t  so lv e n t  systems has r e c e n t ly  r e c e iv e d  a t t e n t i o n .  Pho to ly -
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s i s  of D ie ld r in  in  hexane (Henderson and Crosby, 1967) y ie ld ed  a major 
p ro d u c t ,  a pen tach loro  d e r i v a t iv e ,  l e s s  to x ic  to  f l i e s  bu t more to x ic  
to  m ice. A ld r in  a lso  l o s t  a  c h lo r in e  under s im i la r  c o n d i t io n s .  The 
r e a c t i o n  re q u ired  i r r a d i a t i o n  a t  a wavelength lower than  th a t  found 
in  s u n l ig h t .  These d e g ra d a t io n  p ro d u c ts  have not been d e tec ted  in  
f i e l d  s tu d ie s .
Rosen and S u therland  (1967) have r e p o r te d  t h a t  UV i r r a d i a t i o n  
o f  A ld r in  in  the  so l id  s t a t e  produced the  fo llow ing : Unchanged A ld r in ,  
D ie ld r in ,  A ld rin  Epoxide, P h o to d ie ld r in ,  P h o to a ld r in  and polymeric 
m a te r ia l .  In another exp er im en t,  Rosen and Carey (1968) found th a t  
th e r e  was a dependence upon i n i t i a l  c o n c e n tra t io n  as to  the products 
formed. With an i n i t i a l  A ld r in  c o n c e n t ra t io n  of 7 mg/ml in  hexane, 
th ey  ob ta ined  only m onodechlorina ted  A ld r in  (PHDN). At a lower concen­
t r a t i o n  (1 mg/ml) both  PHDN and P h o to a ld r in  were i s o l a t e d .  These two 
p ro d u c ts  have a ls o  been i s o l a t e d  from a UV i r r a d i a t e d  s o lu t io n  of 
A ld r in  in  e h ty l  a c e ta te  under a b la n k e t  o f  carbon d iox ide  (Rosen, 1967).
More r e c e n t ly ,  A lle y  e t  a l .  (1973) have in v e s t ig a te d  the photo­
chem istry  of Mirex in  two s o lv e n t  system s. U l t r a v io l e t  i r r a d i a t i o n  
of M irex gave the  same p ho top roduc ts  in  both  cyclohexane and iso o c tan e . 
The r e a c t io n  course was fo llow ed by m on ito ring  photoproduct form ation 
by f la m e - io n iz a t io n  gas chromatography. Two major p roducts  were i s o ­
la te d  and nuclear  magnetic resonance  s p e c t r a ,  i n f r a r e d  s p e c t ra ,  mass 
s p e c t r a ,  and elem ental an a ly se s  o f  th e se  photoproducts  were ob ta ined .
These a n a ly t i c a l  d a ta  in d ic a te d  t h a t  c h lo r in e  atoms were being 
r e p la c e d  w ith  hydrogen atoms on th e  i n t a c t  pentacyclodecane nucleus 
of M irex. Alley fu r th e r  dem onstra ted  th a t  the  rep lacem ent proceeded
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s tepw ise  s in c e  i r r a d i a t i o n  o f the  pure monohydro d e r iv a t iv e  o f  Mirex 
a f fo rd e d  th e  d ihydro  d e r iv a t iv e .
The m ajor i r r a d i a t i o n  p roduct,  th e  monohydro d e r i v a t iv e ,  was 
a ss ig n ed  one o f  two s t r u c t u r e s ,  1 ,2 ,3 ,4 ,5 ,5 ,6 ,7 ,8 ,1 0 ,1 0 - u n d e c a c h lo ro -
pen tacy c lo  (5 .3 .0 .^ * ^  0 . 8 ’^ 0 . 4 ,8 ) decane ( I IC ,  Appendix, F ig .  1, p.
2 680) or 1 ,2 ,3 ,4 ,5 ,5 ,6 ,7 ,9 ,1 0 ,1 0 -u n d e c a c h lo ro p e n ta c o lo  ( 5 .3 .0 .0 .  ’
0 . 8>^ 0 . 4 ,8 ) decane ( IIB , Appendix, F ig .  1, p. 80). S i m i l a r i t i e s  in  
a n a l y t i c a l  d a ta  o f  the monohydro and d ihydro d e r iv a t iv e s  o f Mirex d id  
n o t  a llow  e x a c t  s t r u c t u r a l  co n f irm a tio n .
Gamma r a d i a t i o n  has r e c e n t ly  been suggested  as a method fo r  
d e g ra d a t io n  o f p e s t i c id e  r e s id u e s  (Carp e t  a l . ,  1972a). A ld r in  was 
d is s o lv e d  in  hexane to  g ive i n i t i a l  c o n c e n tra t io n s  o f 1 mg/ml and 10 
mg/ml. The s o lu t io n s  were i r r a d i a t e d  a t  0 .5 ,  3 .0 ,  and 6 .0  Mrad and 
th en  analyzed  by e l e c t r o n  cap tu re  gas chromatography. D egrada tion  of 
A ld r in  was evidenced by a decrease  in  A ld r in  peak h e ig h t  and an i n ­
c re a se  in  peak h e ig h ts  of the  i r r a d i a t i o n  p roducts  as  t o t a l  absorbed 
dosage in c re a se d .
The r e l a t i v e  amounts o f  p roducts  formed depended on th e  tem per­
a tu r e  a t  which th e  i r r a d i a t i o n  took p la c e .  Carp a l s o  dem onstra ted  t h a t  
the  number o f  p roduc ts  from gamma i r r a d i a t i o n  v a r ie d  w ith  th e  so lv e n t  
used . The major i r r a d i a t i o n  p roduc t,  however, could  no t be e lu c id a te d  
by mass s p e c t r a l  and in f r a r e d  a n a ly s is .
In  a s im i la r  experim ent, Carp e t  a l .  (1972b) found th a t  th e re  was 
an obvious tem pera tu re  dependence re g a rd in g  the  number o f  isomers 
formed d u r in g  gamma i r r a d i a t i o n  of A ld r in .  Varying th e  te m p e ra tu re ,  
s o lv e n t ,  atmosphere under which the  samples were packed, and s to ra g e
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te m p e ra tu re s ,  he found th a t  only tem p era tu re  s i g n i f i c a n t l y  a f f e c te d  the  
r a t i o  o f p roducts  formed.
For t h i s  s tudy , c raw fish  and eggs were employed to  determ ine the 
e f f e c t  o f  food p ro cess in g  on samples c o n ta in in g  M irex. The c raw fish  
and eggs were su b jec te d  to  th re e  types  o f  food p re s e rv a t io n  procedures: 
1) Thermal p ro c e ss in g ,  2) U l t r a v io l e t  r a d i a t i o n ,  and 3) Gamma r a d i a ­
t i o n .  Mirex was e x t r a c te d  from th e  t r e a t e d  samples and analyzed by 
e l e c t r o n  c a p tu re  gas chromatography. The c o n c e n tra t io n  of Mirex in  
t r e a t e d  samples was compared w ith  r e s id u e s  in  u n t re a te d  samples. 
D egrada tion  products  t h a t  were d e r iv e d  from food p ro c e ss in g  tre a tm e n ts  
were se p a ra te d  by gas chromatography and i d e n t i f i e d  by mass s p e c t r a l  
a n a l y s i s  and r e t e n t io n  time d a ta .
METHODS AND MATERIALS
Mirex re s id u e s  were determ ined acco rd ing  to  the  methods of 
B e r tu z z i  e t  a l .  (1967), Sawyer (1966) and Cummings e t  a l .  (1966), as  
published  by the  U nited  S ta te s  Department of H ea lth ,  Education  and 
W elfare , Food and Drug A d m in is t ra t io n  (1968) (P e s t ic id e  A n a ly t ic a l  
Manual, PAM, volume 1 ) .
L i s t  o f  Reagents
A cetone-reagen t g rad e .
A c e to n i t r i le -n a n o g ra d e  q u a l i t y ,  M a ll in ck ro d t Chemical 
Works, S t .  L o u is ,  Mo.
E thy l e t h e r - d i s t i l l e d  in  g l a s s .
F l o r i s i l - F l o r i d a n  Company, T a l la h a s s e e ,  F l a . ,  ca lc in ed  
a t  650°C f o r  3 hours  and s to re d  a t  130°C.
H ex an e-p es tic id e  q u a l i t y ,  Matheson, Coleman, and B e l l ,
Norwood, Ohio.
Petroleum e t h e r - p e s t i c i d e  g rade , F ish e r  S c i e n t i f i c  Co.,
F a irlaw n , N .J .
Sodium C h lo r id e - re a g e n t  g rade .
Sodium S u lfa te -a n h y d ro u s ,  g r a n u la r ,  re ag en t  g rade , pet 
e th e r  washed.
O r ig in  o f Samples
For the  food p ro c e s s in g  s tu d i e s ,  samples of craw fish  and eggs 
were fu rn ished  by Hyde (1972) from experim ents conducted on exposure 
of c e r t a in  w i l d l i f e  s p e c ie s  to  Mirex b a i t .  Crawfish samples were
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c o l l e c t e d  from twenty experim en ta l p lo ts  t r e a t e d  w i th  Mirex b a i t  (0 .3  
t e c h n ic a l  m a te r ia l )  ap p lied  a t  the  r a t e  o f  1.25 lb / a c r e  in  3 a p p l i ­
c a t i o n s .  Mirex was included  in  th e  d i e t s  of m a l l a r d s ,  Anas p la ty rh y n - 
chos L . , a t  0 , 1, and 100 ppm. A f te r  18 weeks Hyde found accum ulations 
o f  2 .4  ppm M irex in  eggs o f ducks consuming d i e t s  w ith  1.0  ppm Mirex 
and 280 ppm Mirex in  eggs o f ducks consuming d i e t s  c o n ta in in g  100 ppm 
M irex.
Mirex Residue E x tra c t io n  Procedures 
Egg E x t r a c t io n
Sawyer Method
1. Two gram t r e a te d  sample weighed in to  250 ml c e n t r i fu g e
b o t t l e .
2. F i f t y  m i l l i l i t e r s  a c e t o n i t r i l e  added and shaken i n t e r ­
m i t t e n t ly  fo r  10 m inutes .
3. Samples c e n tr i fu g e d  a t  1500 rpm fo r  5 m in u tes ,  and
e x t r a c t s  decanted in to  500 ml s e p a ra to ry  fu n n e ls .
4. Egg cake resuspended in  25 ml a c e t o n i t r i l e  and shaken
1 m inu te .
5. S tep  3 re p e a te d .
6. To combined e x t r a c t s ,  100 ml p e t  e th e r  added, shaken
v ig o ro u s ly ,  and 250 ml 2% sodium s u l f a t e  added,
then  v igorous shaking re p e a te d .
7. A f te r  la y e rs  se p a ra te d ,  aqueous la y e r  d isc a rd e d ,  and
pet.  e th e r  layer  washed tw ice  w ith  400 ml 2% sodium
s u l f a t e .
8. P e t .  e th e r  lay e r  drawn o f f  and s to re d  in  g la s s  s toppered
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g rad u a ted  c y l in d e r  a t  4°C fo r  re s id u e  a n a ly s is .  
Cummings Method
1. Two gram sample weighed in to  50 ml beaker.
2. T rea ted  w i th  UV r a d i a t io n  or m o is t  h e a t .
3. T ra n s fe r r e d  to  m ortar  and ground w ith  25 g a c t iv a te d
f l o r i s i l  and 8 g anhydrous sodium s u l f a te  u n t i l  
f r e e  f low ing .
4. E n t i r e  m ix tu re  t r a n s f e r r e d  to  pre-washed, a c t iv a te d
f l o r i s i l  column fo r  c leanup in  the  usual manner. 
Crawfish E x t ra c t io n
B e r tu z z i  Method
1. C raw fish  p e e led  and e d ib le  p o r t io n  ( t a i l s )  blended to
o b ta in  homogeneous sample.
2. Twenty grams b lended  c raw fish  sample weighed and p laced
in  b le n d e r  j a r .
3. One hundred ml a c e t o n i t r i l e  added and blended 5 m inu tes .
4. C on ten ts  f i l t e r e d  by vacuum (w ater a s p i r a to r )  in to  500
ml f i l t e r i n g  f l a s k .
5. Residue and f i l t e r  paper p laced  in  same b lender  j a r  and
s te p  3 r e p e a te d  u s in g  50 ml a c e t o n i t r i l e .
6. C on ten ts  a g a in  f i l t e r e d  us ing  f i l t e r  f la s k  co n ta in in g
e x t r a c t  from s te p  4.
7. Combined e x t r a c t s  added to  s e p a ra to ry  funnel and 100 ml
p e t  e th e r  added.
8. Funnel shaken v ig o ro u s ly  fo r  1 m inute.
9. Ten ml s a tu r a t e d  sodium c h lo r id e  added and 350 ml w a te r .
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Contents  mixed by tumbling f la s k  f o r  15 seconds.
10. Layers se p a ra te d ,  aqueous layer  d isc a rd e d ,  e t h e r  la y e r
washed w ith  two, 250 ml p o r tio n s  o f  tap  w a te r .
11. Pet e th e r  drawn o f f  in to  100 ml g la s s - s to p p e re d  g radua ted
c y l in d e r  and s to re d  a t  4°C fo r  a n a ly s i s .
Mirex Residue Cleanup 
Chromatographic columns employed fo r  cleanup were o b ta in e d  from 
Kontes G lass  Company, V ineland , New Je rs e y ,  d im ensions, 22 mm(id)x250 
mm, 300 ml c a p a c i ty .
The columns were p repared  accord ing  to  PAM, Volume 1, by adding 
4 inches  o f  a c t i v a t e d  f l o r i s i l  and tapping  the  o u ts id e  of t h e  column 
to  in s u r e  t h a t  the  f l o r i s i l  was f irm ly  packed. O ne-half  in ch  anhy­
drous sodium s u l f a t e  was then  added to  the  top o f th e  column to  absorb 
any m o is tu re  from the  pet. e th e r  e x t r a c t .
For the  s tu d ie s  in v o lv in g  th e  craw fish , the e n t i r e  p e t .  e th e r  
e x t r a c t  was used s in ce  the  craw fish  contained only 0 .02  ppm M irex.
In  s tu d i e s  u t i l i z i n g  the  eggs, a 2 ml a l iq u o t  was ta k e n  due to  th e  
h ig h e r  c o n c e n tra t io n s  o f  2 .5  and 233 ppm Mirex. Each sample was d r ie d  
over anhydrous sodium s u l f a t e  b e fo re  being placed on the  column.
To wet th e  p repared  f l o r i s i l  column, 50 ml of p e t .  e t h e r  was 
added and e lu t e d  j u s t  to  the  top o f  the packing s u r f a c e .  The app ro ­
p r i a t e  amount o f  sample was then  added. As th e  sample s o lu t io n  reached  
the  same p o i n t ,  50 ml o f the  e lu t in g  so lv en t ,  6% d i e t h y l  e t h e r  i n  p e t .  
e t h e r ,  was added. The e lu t io n  r a t e  was ad ju s ted  to 3 to  5 ml/m in. A 
400 ml beaker  was used to  c o l l e c t  the  e lu a n t .  A f te r  the f i r s t  50 ml
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o f  e lu t in g  so lv e n t  reached the  top o f th e  column packing , the  remaining 
150 ml was added.
The method d esc r ib ed  in  PAM c a l l e d  fo r  a second e lu t io n  w ith  15% 
d ie th y l  e th e r  in  pet. e th e r .  I t  was found e x p e r im e n ta l ly ,  however, 
t h a t  Mirex as w e l l  as i t s  i r r a d i a t i o n  p ro d u c ts  would e lu te  q u a n t i t a ­
t i v e l y  in  the  200 ml of 6% d ie th y l  e t h e r / p e t  e t h e r ,  th e r e f o r e ,  no 
f u r th e r  e lu t io n  was n ecessa ry .
The e lu a n t  from the  cleanup p rocedure  was evapora ted  on a steam 
b a th  under a s tream  of a i r  to  a lm ost d ryness  and th e n  t r a n s f e r r e d  to  a  
g raduated  tube and made to  a known volume. A p p ro p ria te  d i lu t io n s  were 
made fo r  q u a n t i t a t i v e  a n a ly s is  by e l e c t r o n - c a p tu r e  gas chromatography.
Q u a n t i ta t io n  o f  M irex Residues 
Two gas chromatographs were employed fo r  the  q u a n t i t a t io n  of Mirex. 
A th i r d  gas chromatograph was used in  c o n ju n c t io n  w ith  a mass sp e c t ro ­
m eter in  o rder to  o b ta in  pure mass s p e c t r a  o f each i r r a d i a t i o n  product. 
Table 1 g ives  a summary of th e  gas chromatographs used and t h e i r  con­
d i t i o n s  o f o p e ra t io n .
One or two m ic r o l i t e r s  o f  th e  e lu a n t  was in je c te d  fo r  q u a n t i t a t io n .  
Sample peak h e ig h ts  were compared w i th  peak h e ig h ts  o f  known concen­
t r a t i o n s  of Mirex in  o rder to  o b ta in  sample c o n c e n t ra t io n s .  Samples 
were d i lu t e d  to  approximate s ta n d a rd  peak h e ig h ts  thus  avoid ing  e r ro r s  
involved in  c a lc u la t io n s  w ith  n o n - l in e a r  d e t e c to r s .  Peak h e ig h ts  were 
o b ta ined  by drawing the  b e s t  base  l i n e  under the  peak and measuring 
from the  base l in e  v e r t i c a l l y  to  th e  zone c e n te r  o f  the  peak.
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TABLE 1
SUMMARY OF GAS CHROMATOGRAPHS EMPLOYED 
AND CONDITIONS OF OPERATION
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aE le c t ro n  c ap tu re  
^Flame io n iz a t io n  d e te c to r
25
Thermal P rocess ing  Study
Samples of c raw fish  c o l le c te d  a f t e r  exposure to  Mirex were 
s to r e d  In the  f ro z e n  s t a t e .  They were thawed, p ee led ,  develned , and 
r in s e d  w ith  tap  w a te r .  The t a i l s  were f ro zen  and s to re d  u n t i l  the  
canning  o p e ra t io n .  The canning method used was t h a t  re p o r te d  by Dew­
b e r ry  (1964).
In  o rder to  o b ta in  a more homogeneous sample, 500 grams o f the 
c raw fish  t a i l s  were b lended , and 20 grams of the  homogenate were 
weighed fo r  each sample. S ix teen  o f  th e se  samples were p laced  in  
b e a k e rs ,  and approxim ate ly  200 ml of a h o t 11% sodium c h lo r id e  s o lu t io n  
was added to  each b eak e r .  The samples were th en  p laced  on a h o t  p la t e  
and b o i le d  fo r  5 m inu tes .  A f te r  the b lan ch in g  o p e ra t io n ,  the  s o lu t io n s  
were decanted from the craw fish  and s to re d  fo r  r e s id u e  a n a ly s i s .  The 
c raw fish  were p laced  in  307 x 113 C-enameled c a n s ,  f i l l e d  w ith  a 2.5% 
c i t r i c  a c id  s o lu t io n ,  and processed in  a r e t o r t  a t  121°C fo r  13 m inu tes. 
The cans were cooled i n  an ice  ba th  im m ediately  a f t e r  removing from 
th e  r e t o r t .
S tu d ies  on th e  s t a b i l i t y  of Mirex to  more d r a s t i c  h e a t  t re a tm e n t 
were a lso  c a r r i e d  out by au to c lav in g  a t  124°C and 18 p s ig  fo r  2 and 6 
h o u rs .  Both c raw fish  t i s s u e s  and eggs were u t i l i z e d  during  t h i s  s tudy .
A 500 g sample o f  the  prepared c raw fish  t a i l s  were blended fo r
5 m inu tes .  S ix teen  samples of 20 g each were weighed in to  50 ml
b e a k e rs .  They were then  p laced  in  an au to c la v e  and su b jec te d  to  m ois t
h e a t  t re a tm e n t .  A f te r  2 h o u rs ,  8 of th e  samples were removed and the
rem aining  8 samples were taken  out a f t e r  6 hours  had lap sed . The
o
t r e a t e d  samples as w e l l  as the c o n t ro ls  were s to re d  a t  4 C u n t i l
26
a n a ly s i s .
S im i la r ly ,  50 grams o f  eggs were blended and 24 samples of 2 g 
each were weighed from th e  homogenate in to  50 ml b eak ers .  S ix teen  
of th e  samples were su b je c te d  t o  a u to c la v in g ,  8 samples for 2 hours and 
8 samples f o r  6 hours .  These samples were a l s o  s to re d  a t  4°C u n t i l  
a n a ly s i s .
U l t r a v io l e t  R a d ia t io n  Study 
From a homogenate of c raw fish  24 samples o f  20 g each were weighed. 
The samples were spread smoothly over a square o f  aluminum f o i l  to a 
th ic k n e ss  o f approxim ately  1/16 in ch . Under r e f r i g e r a t i o n  (4°C ), e ig h t  
o f th e se  samples were su b je c te d  to  u l t r a v i o l e t  r a d i a t io n  fo r  12 hours 
and 8 samples were su b je c te d  to  UV r a d i a t i o n  fo r  24 h o u rs .
The u l t r a v i o l e t  source was a G eneral E l e c t r i c  G erm icidal Lamp,
18 inches  in  leng th  and 1 inch  in  d ia m e te r .  U l t r a v io l e t  ou tpu t a t  
253.7 nm was 3 .6  w a t ts  or 38 m icrow atts  per  square cen tim e te r  a t  one 
m eter (R o l le r ,  1965). The source  was p o s i t io n e d  approxim ately  6 inches  
above the  sample being  i r r a d i a t e d .
S im i la r ly ,  from a 50 g homogenate of eggs , 12 samples, 2 g each 
were weighed in to  50 ml b e a k e rs .  The UV i r r a d i a t i o n  tem perature  fo r  
t h i s  s tudy was 24°C, and i r r a d i a t i o n  was extended to  24 and 48 h o u rs .
The same UV source and lamp p o s i t io n in g  (6 inches  above samples) were 
employed fo r  t h i s  s tudy .
Gamma R a d ia t io n  Study 
Eggs co n ta in in g  233 ppm M irex were blended fo r  5 m inu tes ,  and 
30 ml o f the homogenized sample was in troduced  in to  each o f 11 w h i r l -
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packs. Two o f th e  w hir1-packs were r e ta in e d  as c o n t r o l s ,  and the
o th e r  e ig h t  were p laced  u p r ig h t  in  the  c e n te r  o f  a  2 l i t e r  beaker w ith
packing to  m a in ta in  t h a t  p o s i t io n .  The beaker was then  p laced  in  a
c o n s ta n t  tem pera tu re  i r r a d i a t i o n  chamber. The gamma e m i t t e r  employed 
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was a Co source w ith  an a c t i v i t y  of 1140 ra d s /m in ,  c a lc u la te d  by 
the  F r ick e  Dosemetry Method (Weiss, 1952) and c o r re c te d  on the  b a s i s  
o f the  h a l f - l i f e  fo r  ^ C o  of 5 .24 y e a rs .
Two w hir1-packs were withdrawn a t  c a lc u la te d  i n t e r v a l s  to  give 
dosages of 1, 2, 3 and 4 .5  Mrads. Four samples o f  2 g each were 
weighed from each w h ir l-p a c k  g iv in g  a t o t a l  o f  8 samples f o r  each dosage. 
A f te r  t r e a tm e n t ,  th e  samples were s to re d  a t  4°C u n t i l  t im e fo r  a n a ly s i s .
I d e n t i f i c a t i o n  of the  I r r a d i a t i o n  Products  o f  Mirex 
P re lim in a ry  i d e n t i f i c a t i o n  o f the  gamma r a d i a t i o n  p ro d u c ts  o f  
Mirex was made by gas chromatographic-mass s p e c t r a l  a n a l y s i s .  Ten, 3 
gram samples o f  eggs from the  4 .5  Mrad gamma r a d i a t i o n  s tudy  were sub­
je c te d  to  the  e x t r a c t i o n  procedure of Cummings e t  a l .  (1966) and cleanup 
as p re v io u s ly  d e sc r ib e d .  The e lu a n ts  from the t e n  columns were combined 
and evapora ted  to  0.25 ml, y ie ld in g  a c o n c e n tra t io n  of 120 gm/ml. Two 
m i c r o l i t e r s  o f  th e  co n c e n tra te  was in je c te d  in to  th e  gas chromotograph 
(P e rk in  Elmer 990 d esc rib ed  in  Table 1).
The mass spectrom eter  employed was a H i ta c h i -P e rk in  Elmer,
Model RMS-4 w ith  an e l e c t r o n  bombardment sou rce . The e l e c t r o n  io n iz in g  
p o t e n t i a l  was s e t  a t  80 v o l t s .  Mass s p e c t ra  were scanned m a g n e tic a l ly
from approxim ate ly  a m ass-to -charge  r a t i o  (m/e) o f  12 to  400. The
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e l e c t r o n  m u l t i p l i e r  d e c to r  was s e t  a t  a ga in  o f 10 . A t o t a l  ion  
c u r re n t  m onitor (TICM) d e te c to r  was s i t u a t e d  between the  io n  source
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and th e  mass ana lyz ing  magnet. This d e t e c to r  in te r c e p te d  a p o r t io n  
of th e  ion beam and d isp lay ed  i t  s im u ltan eo u s ly  w i th  the  v o l ta g e  o u t­
put from th e  flame io n iz a t io n  decto r  (FID) o f  th e  gas chromatograph.
Both s ig n a ls  were monitored on a d u e l  channe l s t r i p  c h a r t  
r e c o rd e r .  One channel rep re sen ted  the p r i n t - o u t  o f  the IFD w h ile  the  
o th e r  gave the  p r in t - o u t  of th e  TICM. When a gas chrom atographic 
maximum was observed on the TICM, the m agnetic  f i e l d  was scanned and 
the  r e s u l t i n g  mass spectrum was d isp lay ed  on a  5 channel o s c i l lo g r a p h ic  
r e c o rd e r .  The approximate scan time was te n  seconds.
When a sample was in je c te d  in to  th e  gas chromatograph, th e  
gamma r a d ia t io n  p roduc ts  as w e ll  as u n reac ted  M irex were s e p a ra te d .
A s p l i t t e r  which op era ted  as a fu n c tio n  o f th e  column tem perature  
allowed approxim ately  15 ml/min of the column e f f l u e n t  to  e n te r  the 
mass spectrom eter  w hile  the o ther 5 ml/min e n te r e d  th e  flame io n iz a t io n  
d e te c to r  ( t o t a l  column flow 20 ml/min, Table  1 ) .  The sample r a t i o  was 
thus 3 :1 ,  MS/GC.
In mass spec trom etry ,  a  beam of e l e c t r o n s  from a ho t f i lam en t  
( tu n g s te n )  s t r i k e s  th e  gaseous sample from a gas chromatograph or 
sample i n l e t  ( c a l le d  a m olecular leak) c au s in g  d i s r u p t io n  of th e  
sample in to  p o s i t iv e  ion  fragments (Ewing, 1969). The ions a r e  then 
a c c e le r a te d  by an e l e c t r i c  f i e l d  w ith  t h e i r  v e l o c i t i e s  dependent upon 
th e  m ass- to -charge  r a t i o  (m /e). The io n s  on p a s s in g  in to  a m agnetic 
f i e l d ,  fo llow  c i r c u l a r  t r a j e c t o r i e s ,  th e  r a d iu s  of which i s  p ro p o r t io n a l  
to  the  v o lta g e  drop of the  e l e c t r i c  f i e l d  and th e  fo rc e  of th e  mag­
n e t i c  f i e l d .  Varying th e  vo ltag e  or m agnetic  f i e l d  allow s only  ions 
o f a c e r t a i n  m/e to  be c o l le c te d  on a p l a t e .  As one or the o th e r  i s
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v a r ie d ,  a scan i s  produced o f  a l l  th e  ions  t h a t  s t r i k e  the  c o l l e c to r .  
The s ig n a l  rece iv ed  by the c o l l e c t o r  i s  then  am p lif ied  e l e c t r o n ­
i c a l l y  and fed to  a re c o rd e r  which p r i n t s  ou t the r e l a t i v e  abundance
of the  ions as a fu n c tio n  o f  t h e i r  m /e.
D e r iv a t iv e s  o f Mirex from UV i r r a d i a t i o n  were i d e n t i f i e d  by 
r e t e n t io n  time d a ta  r e l a t i v e  to  M irex . Q u a l i t a t iv e  a n a ly s is  was 
a f fo rd ed  by id e n t i c a l  r e t e n t io n  t im es  o f p roduc ts  derived  from UV
i r r a d i a t i o n  w ith  known gamma i r r a d i a t i o n  products  as w e ll  as photo-
l y t i c  p roducts  ob ta ined  from a l l e y  e t  a l .  (1973).
S t a t i s t i c a l  A n a ly s is  
Data ob ta ined  from therm al p ro c e s s in g ,  u l t r a v i o l e t  r a d i a t io n  and 
gamma r a d ia t io n  s tu d ie s  were su b je c te d  to  an a n a ly s is  of v a r ian ce  using 
a com pletely  randomized d es ig n .  Where Mirex d e s t r u c t io n  was a c tu a l ly  
observed by gas chromatography, o r th o g o n a l  comparisons were made 
accord ing  to  the method o f Snedecor and Cochran (1967).
RESULTS AND DISCUSSION
Thermal P ro cess in g  Study 
McBee e t  a l .  (1956) In v e s t ig a te d  the therm al s t a b i l i t y  o f Mirex. 
A m eltin g  p o in t  o f  485°C was ob ta in ed  w ith  decom position o f Mirex 
o ccu rr ing  a t  500°C. Thus, i t  was n o t s u rp r i s in g  t h a t  co n d i t io n s  
encountered du r in g  commercial canning (121°C, 15 p s ig )  fo r  13 m inutes 
and au to c lav in g  (124°C, 18 p s ig )  f o r  2 and 6 hours had no e f f e c t  on 
the  s t a b i l i t y  of Mirex in  c raw fish  t i s s u e s .  Table 2 c o n ta in s  Mirex 
c o n c e n tra t io n s  (ppm) f o r  8 c o n t ro l  samples and 8 t r e a t e d  samples from 
the  commercial p ro c e ss in g  o p e ra t io n .  A mean value o f  0.021 ppm M irex 
was ob ta ined  fo r  b o th  th e  c o n t ro l  and t r e a t e d  samples. A com plete ly  
randomized a n a ly s is  o f v a r ia n c e  (Table I ,  Appendix) showed no s i g n i f ­
ic a n t  d i f f e r e n c e  between th e  mean o f th e  c o n t ro l  and the  mean o f the  
processed  samples (P > 0 .0 5 ) .
A more d r a s t i c  h e a t  t re a tm e n t  was then  ap p lied  in  an a t tem p t to  
degrade Mirex in  c ra w f ish  t i s s u e s .  A u toclav ing  fo r  2 and 6 hours 
(Table 3) a lso  had no e f f e c t  on Mirex r e s id u e  le v e l s .  Average v a lu es  
of 0 .023, 0.023 and 0 .022 ppm Mirex were ob ta ined  fo r  the c o n t r o l ,  2 
and 6 hour t r e a tm e n ts ,  r e s p e c t i v e l y .  A nalys is  o f  v a r ia n c e  (Table  I I ,  
Appendix) of t h i s  d a ta  u s in g  a  com pletely  randomized d es ig n  in d ic a te d  
th a t  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  among the  mean o f th e  con­
t r o l s  and the  means o f th e  2 and 6 hour tre a tm e n ts  (P > 0 .0 5 ) .
Large samples (20 g) were used due to  the  low c o n c e n t r a t io n  of 
Mirex in  the  c raw fish  t i s s u e  (mean ra n g e ,  0 .018-0.023 ppm). Samples 
of th is  s iz e  made c leanup  d i f f i c u l t .  Gas chromatograms showed t h a t  a
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T able 2
M irex R esidues In Crawfish A fter  Thermal P ro cess in g
(121°C , 15 p s ig )  fo r  13 M inutes.
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Number














M irex R esidues In Crawfish A fter  A u toc lav in g  (124°C











1 0.019 0.017 0.021
2 0.021 0.020 0.022
3 0.026 0.023 0.024
4 0.024 0.028 0.024
5 0.022 0.023 0.018
6 0.024 0.025 0.020
7 0.020 0.026 0.022
8 0.024 0.024 0.026
Average 0.023 0.023 0.022
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number of e l e c t r o n  c a p tu r in g  m a te r ia l s  from the t i s s u e  were n o t  ex ­
cluded du ring  th e  c leanup o p e ra t io n .  Although some of th ese  e x t r a n ­
eous m a te r ia l s  were d es tro y ed  during  therm al p ro cess in g ,  th e r e  was 
concern t h a t  th e se  peaks might i n t e r f e r e  w ith  d e te c t io n  of d eg ra d a t io n  
products  o f M irex. For t h i s  re a so n  th e  au to c lav in g  study was re p e a te d  
us ing  eggs c o n ta in in g  approxim ate ly  150 tim es the  amount o f  Mirex 
(2 .8  ppm). Sm aller  samples (0 .2  g) could be used which a f t e r  cleanup 
y ie ld e d  gas chromatograms co n ta in in g  only the  Mirex peak.
The a u to c la v in g  o f eggs, however, r e v e a le d  no Mirex d e g ra d a t io n .  
Average v a lu e s  o f  2 .86  ppm Mirex fo r  the  c o n t ro l  samples and 2.73 and 
2.72 ppm Mirex fo r  th e  2 and 6 hour m o is t  h e a t  t re a tm e n t ,  r e s p e c t i v e l y ,  
dem onstrated  t h a t  Mirex d id  n o t  degrade du ring  thermal p ro c e ss in g  
(Table 4 ) .  A n a ly s is  o f  v a r ia n c e  of t h i s  d a ta  in d ic a te d  no s i g n i f i c a n t  
d i f f e r e n c e  (P > 0 .05 )  in  mean v a lu es  o f c o n tro l  or t r e a t e d  samples 
(Table I I I ,  Appendix).
U l t r a v i o l e t  R a d ia t io n  Study 
There was no d e te c ta b le  lo s s  o f  Mirex r e s id u e s  in  c raw fish  when 
exposed to  UV l i g h t  a t  4°C fo r  12 or 24 h o u rs .  Table 5 c o n ta in s  d a ta  
c o l le c te d  from t h i s  s tu d y .  Average v a lu e s  fo r  th e  c o n t ro ls  a t  12 and 
24 hour t re a tm e n ts  were 0 .018 , 0.019 and 0.020 ppm M irex, r e s p e c t iv e ly .  
A com pletely  randomized a n a ly s is  o f  v a r ia n c e  (Table IV, Appendix) 
in d ic a te d  no s i g n i f i c a n t  d i f f e r e n c e  among the  means fo r  the  c o n t r o l  
and th e  t r e a t e d  samples (P > 0 .0 5 ) .
An e f f o r t  was made d u r in g  th e  UV r a d i a t io n  study to  sp read  the 
c raw fish  t i s s u e  t h i n l y  enough to  a llow  p e n e t r a t io n  of th e  UV l i g h t .
I t  was"not known, however, i f  p h o to ly s is  a c tu a l ly  occurred . A f te r  t h i s
Table 4
Mirex Residues In  Eggs A fte r  A utoclaving  











1 2.86 2.58 2.64
2 3.08 2.81 2.79
3 2.94 3.01 2.42
4 2.98 2.48 2.95
5 2.59 2.71 3.03
6 2.92 2.52 2.54
7 2.71 2.86 2.67
8 2.83 2.90 2.72
Average 2.86 2.73 2.72
Table 5
M irex R esidues in  Crawfish A fte r  UV R adiation











1 0.018 0.019 0.017
2 0.019 0.018 0.020
3 0.015 0.020 0.022
4 0.017 0.020 0.018
5 0.018 0.019 0.020
6 0.021 0.017 0.021
7 0.019 0.020 0.020
8 0.017 0 .018 0.022
Average 0.018 0.019 0.020
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p a r t ic u la r  study had been com pleted , a  r e p o r t  (Minyard 1972) th a t  M irex 
had undergone d e g ra d a tio n  in  o rg an ic  so lv e n ts  was made known. For 
th e se  reaso n s  i t  was decided  to  re p e a t th e  p h o to ly tic  s tudy  w ith  eggs 
c o n ta in in g  h ig h e r  c o n c e n tra tio n s  o f  Mirex (2 ,5  ppm). S m aller samples 
could be used w hich ju s t  covered th e  bottom  of th e  i r r a d i a t i o n  v e s s e l  
leav in g  a th in ,  t r a n s lu c e n t  f ilm  e a s i ly  p e n e tra b le  by UV l i g h t .  S tu d ie s  
on th ese  samples w ere c a r r ie d  out a t  room tem peratu re  (24°C) r a th e r  
than  4°C as  in  the  c raw fish  study  and i r r a d ia t io n  was ex tended to  24 
and 48 hours in s te a d  of th e  s h o r te r  tim es used in  the  p rev io u s  pho to ­
l y t i c  s tu d y .
R esu lts  o f th e  UV i r r a d i a t i o n  o f  eggs appear in  Table 6. Average 
v a lu es  fo r  the c o n tro l  (2 .48  ppm, M irex ), th e  24 hour tre a tm e n t (2 .0 4  
ppm, M irex) and th e  48 hour tre a tm e n t (1 .60  ppm, M irex) in d ic a te d  th a t  
Mirex breakdown was o c c u rr in g . A com pletely  randomized a n a ly s is  of 
v a rian ce  (Table V, Appendix) showed th e  means of the c o n tro l  and 24 and 
48 hour tre a tm e n ts  to  be h ig h ly  s ig n i f ic a n t  (P < 0 .0 1 ) . At 24 hours 
80% o f the  o r ig in a l  c o n c e n tra tio n  o f M irex rem ained, and a t  48 hours 
only 64% was p r e s e n t .  A p p ro p ria te  o rthogona l com parisons (Snedecor and 
Cochran, 1967) dem onstrated  th a t  a  h ig h ly  s ig n i f ic a n t  l in e a r  r e l a t i o n ­
sh ip  (P. < 0 .0 1 ) e x is te d  betw een M irex rem aining and len g th  o f tim e of 
UV i r r a d i a t i o n .  A p i c t o r i a l  r e p re s e n ta t io n  of th e  d a ta  from Table 6 
i s  p re sen ted  in  F ig u re  1.
Gamma R a d ia tio n  Study
Eggs c o n ta in in g  233 ppm M irex were used fo r th e  gamma r a d ia t io n
stu d y . T o ta l absorbed r a d ia t io n  o f  1, 2, 3, and 4 .5  Mrad was 
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a t ta in e d  w ith  a  Co so u rce . As dosage in c re a se d , the  c o n c e n tra tio n
Table 6
Mirex R esidues In Eggs A fte r  UV R ad iation











1 2.37 2.03 1.75
2 2.58 2.07 1.52
3 2.42 2.13 1.44
4 2.53 1.92 1.69T —
















Figure  1. Undegraded M irex V ersus Time o f UV R ad ia tio n  in  Eggs.
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of M irex re s id u e s  decreased  (Table 7 ) . The c o n tro l gave an average 
v a lu e  o f 232.89 ppm M irex. At 1 Mrad th e  c o n c e n tra tio n  decreased  to  
206.99 ppm M irex. The average c o n c e n tra tio n  of M irex a t  2 Mrad was 
163.52 ppm M irex. At 3 Mrad th e  average re s id u e  le v e l  was 130.96 ppm 
M irex and a t  4 .5  Mrad only  85.45 ppm Mirex rem ained, a 76% d ec rease  
in  the  i n i t i a l  M irex re s id u e  c o n c e n tra tio n . A com pletely  randomized 
a n a ly s is  o f v a r ia n c e  (Table IV, Appendix) o f th e  d a ta  in d ic a te d  th a t  
th e  d if fe re n c e  in  means of th e  5 tre a tm e n ts  were h ig h ly  s ig n i f ic a n t  
(P < 0 .0 1 ) . An a p p ro p ria te  o rth o g o n a l comparison (Snedecor and Cochran, 
1967) dem onstra ted  th a t  a h ig h ly  s ig n i f ic a n t  l in e a r  r e la t io n s h ip  
e x is te d  (F ig u re  2) among mean c o n c e n tra tio n s  o f M irex re s id u e s  w ith  
r e s p e c t  to  t o t a l  absorbed  dosages. From F igu re  2 th e  amount o f M irex 
d e s tru c t io n  may be o b ta in ed  a t  any dose up to  the s t e r i l i z a t i o n  dosage 
a t  4 .5  Mrad.
F ig u res  3 , 4 , 5 , 6 , and 7 a re  re p re s e n ta t iv e  gas chromatograms 
o f th e  c o n tro l  and t o t a l  absorbed  dosages a t  1, 2 , 3 , and 4 .5  Mrad, 
r e s p e c t iv e ly ,  from which M irex re s id u e s  were c a lc u la te d .  M irex peak 
h e ig h ts  were m ain ta in ed  f a i r l y  c o n s ta n t th roughou t t h i s  s tudy  by making 
a p p ro p ria te  d i lu t io n s  fo r  q u a n t i ta t io n  w ith  s tan d a rd  s o lu t io n s  o f M irex. 
Cleanup p r io r  to  gas chrom atographic a n a ly s is  ren d ered  th e  c o n tro l  
sample (F ig u re  3) f re e  from a l l  e le c tro n  c a p tu rin g  m a te r ia ls  ex cep t 
M irex. I t  was assum ed, s in c e  th e  c o n tro l  r e s u l te d  in  a p e r f e c t ly  
c le a n  chromatogram, th a t  new peak fo rm ation  as r a d ia t io n  dosage in ­
c reased  w ith  a co rresp o n d in g  d ec rease  in  c o n c e n tra tio n  o f M irex was due 
to  Mirex d e g ra d a tio n . Mass s p e c t r a l  evidence from new peak fo rm atio n  
l a t e r  dem onstrated  th a t  t h i s  assum ption was v a l id .
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Table 7











4 .5  Mrad 
ppm
1 289.60 212.46 182.16 132.05 88.46
2 238.56 189.52 176.36 125.73 87.12
3 267.22 177.85 171.15 130.01 80.82
4 190.53 220.13 163.89 116.94 91.04
5 193.31 178.33 143.71 142.07 85.71
6 245.60 223.14 156.56 124.11 87.93
7 197.85 226.95 167.07 143.19 83.02
8 240.48 227.60 147.26 133.70 79.53
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F ig u re  3. Gas Chromatogram of the  C o n tro l Sample o f Eggs from 
th e  Gamma R ad ia tion  S tudy.
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F ig u re  4
» 18 22 
minutes
E le c tro n  C apture Gas Chromatogram of Eggs a t  1 Mrad 
Gamma R a d ia tio n .
minutes
F ig u re  5 . E le c tro n  C apture Gas Chromatogram of Eggs a t  2 Mrad 
Gamma R a d ia tio n .
minutes
F igure  6. E le c tro n  C apture Gas Chromatogram of Eggs a t  3 Mrad 
Gamma R ad ia tio n .
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F igure  7
t r minutes W 22 1 6
E le c tro n  C apture Gas Chromatogram o f Eggs a t  4 .5  
Mrad Gamma R ad ia tio n .
At th e  d i lu t io n s  used fo r  q u a n t i ta t io n  (F ig u res  3 -7 ) , th re e  new 
peaks from M irex i r r a d ia t io n  were observed  a t  1 Mrad (F igure  4 ) .  
Another new peak was noted a t  2 Mrad (F ig u re  5 ) . A ll new peak in te n ­
s i t i e s  in c reased  a t  3 Mrad (F ig u re  6 ) .  A new i r r a d ia t io n  product 
appeared as a shoulder to  an e x is t in g  i r r a d i a t i o n  product a t  4 .5  Mrad 
(F ig u re  7 ) .
E f fe c ts  o f R a d ia tio n  on B io lo g ic a l  Systems 
Eggs co n ta in  approxim ately  74% w ate r which may be con sid e red  the 
so lv e n t fo r  the UV and Gamma R a d ia tio n  s tu d ie s .  M irex re s id u e s  ( th e  
s o lu te )  were p re se n t a t  c o n c e n tra tio n s  o f 0.00004 M and 0.0004 M based 
on th e  i n i t i a l  c o n c e n tra tio n s  o f 2 .5  ppm (UV study) and 233 ppm (y  
r a d ia t io n  s tu d y ) , r e s p e c t iv e ly ,  in  th e  egg s. A ccording to  Spinks and 
Woods (1964), a l l  energy absorbed d u rin g  i r r a d i a t i o n  o f d i lu te  aqueous 
s o lu t io n s  i s  d ep o s ited  in  w ater m olecu les and th e  changes which occur 
in  th e  so lu te  a t  c o n c e n tra tio n s  le s s  th an  0 .01 M a re  b rought about 
in d i r e c t ly  by m olecu lar and r a d ic a l  p ro d u ct fo rm atio n  o f th e  so lv e n t. 
Energy im parted d i r e c t ly  to  th e  s o lu te  a t  very  d i lu te  c o n ce n tra tio n s  
i s  un im portan t.
No mechanism i s  proposed fo r  th e  rep lacem ent o f c h lo r in e  atoms 
by hydrogen atoms on th e  i n t a c t  pen tacyclodecane nu c leas  o f M irex. 
S u ff ic e  i t  to  say th a t  h y d ro g en o ly sis  occurs by a hom olytic re a c t io n  
w ith  replacem ent o f a c h lo r in e  atom by a hydrogen atom donated from 
th e  s o lv e n t.
I d e n t i f i c a t io n  o f  I r r a d i a t i o n  P roducts  o f  Mirex
R eten tio n  tim e d a ta  r e l a t iv e  to  M irex i s  g iven  in  Table 8 fo r
T able 8
R eten tio n  Time D ata fo r  the UV and Gamma 
I r r a d i a t i o n  P roducts of M irex.
Peak
Number
R e te n tio n  Time 
(Min) 
DC-200, 195 C
R e ten tio n  Time 
R e la tiv e  to  M irex
1 8 .3 0.30
2 9 .0 0.32
3 10.2 0.37
4 1 1 .6a 0.42
5 13.3 0.48
6 14.4 0.51
14 , 8b 0.53
7 1 8 .2a 0.65
8 2 0 .8b 0.75
9 2 7 .8C 1.00
Photoproduct o b ta in ed  from A lle y .
Product o b ta ined  from  A lley  (chem ical re d u c tio n ) .  
cU nreacted M irex from i r r a d i a t i o n  s tu d ie s .
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th e  p h o to ly t ic  and gamma i r r a d ia t io n  p ro d u c ts  o f  M irex. The co n d itio n s  
a t  w hich th e se  r e te n t io n  tim es were o b ta in ed  a re  g iven  in  Table 1 fo r 
th e  V arian  Aerograph in stru m en t. The flow  r a t e  was reduced to  20 m l/ 
min to  a llo w  b e t t e r  column se p a ra tio n  o f  th e  gamma i r r a d ia t io n  and 
p h o to ly t ic  p ro d u c ts  of M irex. Included  in  T able 8 a re  r e te n t io n  tim es 
r e l a t iv e  to  M irex fo r  two photo p ro d u c ts  o b ta in ed  from A lley  (1973). 
R e te n tio n  tim e d a ta  on two o ther l i th iu m  re d u c tio n  d e r iv a t iv e s  o f M irex, 
a ls o  o b ta in ed  from A lle y , appear in  Table 8.
Combined gas chromatography-mass sp ec tro m etry  was employed to  id en ­
t i f y  th e  p h o to ly t ic  and gamma i r r a d i a t i o n  p ro d u c ts  o f M irex. A gas 
chromatogram from th e  flame io n iz a t io n  d e te c to r  o f th e  gas chroma- 
tography-m ass sp ec tro m eter assembly i s  p re se n te d  in  F igure  8 . This 
chromatogram was d e riv ed  from the co n c en tra ted  sample d esc rib ed  in  th e  
M a te r ia ls  and Methods s e c tio n  (page 27) from th e  4 .5  Mrad s tu d y .
A 3 fo o t column was employed to  f a c i l i t a t e  e lu t io n  o f th e  i r r a d i ­
a t io n  p ro d u c ts  o f  M irex since  the c a r r i e r  gas flow  could n o t exceed 
20 m l/m in. Under th ese  co n d itio n s  r e s o lu t io n  of th e  i r r a d i a t i o n  prod­
u c ts  was le s s  th an  optimum. A lso , flam e io n iz a t io n  being  1000 tim es 
le s s  s e n s i t iv e  th an  e le c tro n  cap tu re  d e te c t io n  allow ed th re e  i r r a d ia t io n  
p ro d u c ts  o f M irex to  pass through the column u n d e te c te d ; th e re fo re ,  no 
mass s p e c t r a l  d a ta  were obtained  on them. A l l  th e  m ajor i r r a d ia t io n  
p ro d u c ts , however, were d e tec ted  and mass s p e c tra  were o b ta in ed .
The co rrespond ing  i r r a d ia t io n  p ro d u ct peaks were numbered in  o rder 
o f in c re a s in g  r e te n t io n  tim es in  F ig u res  8 and 9. An e le c tro n  c a p tu re -  
gas chromatogram (F ig u re  9) was made a t  a 1000 fo ld  d i lu t io n  on the 








F ig u re  8. Flame Io n iz a tio n  Gas Chromatogram o f C oncentrated  








Figure 9. E le c tro n  C apture Gas Chromatogram of C oncentrated  Egg 
Sample a t  4 .5  Mrad Gamma R a d ia tio n .
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No mass s p e c tra  were o b ta in ed  on Peaks 1, 2, and 3 s in c e  they 
were no t p re se n t a t  d e te c ta b le  le v e ls  fo r  flame io n iz a t io n  d e te c t io n .
The mass spectrum  of Peak 4 was e a s i ly  o b ta in a b le  (F ig u re  10). Peaks 
5 and 6 were n o t re so lv ed  on th e  3 fo o t column (compare F ig u re s  8 and 
9 ) ; however, a mass scan was made as th e  pen d e f le c te d  up s c a le  fo r 
Peak 5 (0 .4 8  r e te n t io n  tim e r e l a t iv e  to  M irex) and an o th er mass scan 
was made as th e  pen descended fo r  Peak 6 (0 .5 1  r e te n t io n  tim e r e l a t iv e  
to  M irex). Both mass scans were id e n t ic a l ,  v a ry in g  only  in  r e l a t iv e  
ion in t e n s i ty ,  in d ic a t in g  th a t  the peaks re p re se n te d  iso m e tr ic  compounds 
(F igu re  11). The mass s p e c tra  of Peaks 7 and 8 (F ig u re  12) were a lso  
id e n t i c a l ,  su g g es tin g  th e  same phenomena.
Peak 9 was u n reac ted  M irex (F ig u res  8 and 9 ) . The mass spectrum  
(F igu re  13) o b ta in ed  from Peak 9 was in  good agreem ent w ith  mass 
s p e c tra  fo r  M irex re p o rte d  in  the  l i t e r a t u r e  (D ill in g  and D il l in g ,  1967, 
and Uk e t  a l . ,  1972) and served  to  confirm  th a t  M irex was indeed th e  
compound re p re se n te d  by Peak 9.
A ccording to  D i l l in g  and D il l in g  (1967) th e  predom inant mode of 
frag m en ta tio n  d u rin g  e le c tro n  impact o f M irex i s  c leavage of th e  c y c lo -  
pentadecane n u c leas  in  h a l f  y ie ld in g  two m olecules o f c y c lo p e n ta d ie n e . 
S ince M irex ( I )  i s  a sym m etrical m olecu le , th e  two fragm ents ob ta in ed  
on e le c t r o n  impact a re  id e n t i c a l ,  namely h ex ach lo ro cy c lo p en tad ien e  ( l a ) .  
D il l in g  e x p la in s  th e  mode of frag m en ta tio n  as  a r e le a s e  o f r in g  s t r a i n  
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This accounts f o r  th e  v e ry  low r e l a t i v e  abundance o f th e  p a ren t io n , 
m/e 540, C]loĈ +12 (D;m in 8 and D i l l in g ,  1967).
The mass sp ec tro m e te r  used in  our s tudy  d id  n o t re so lv e  masses 
much g re a te r  th an  300, th e r e fo r e  th e  p a re n t io n  o f M irex or th e  p a re n t 
io n s  of th e  i r r a d i a t i o n  p ro d u c ts  were n o t o b ta in e d  in  any of our mass 
s p e c tra . I t  was a ls o  d i f f i c u l t  to  d is t in g u is h  background masses from 
fragm ents of i r r a d i a t i o n  p ro d u c ts  below masses o f 150. Uk e t  a l .
(1972) experienced  th e  same d i f f i c u l t y .  These l im i t a t io n s ,  however, 
d id  n o t i n t e r f e r e  w ith  th e  i n t e r p r e t a t i o n  of mass s p e c tra  s in c e  th e  
most s ta b le  io n  fragm ents o f  i r r a d i a t i o n  p ro d u c ts  possessed  masses 
between 165 and 300.
Organic compounds t h a t  c o n ta in  c h lo r in e  g iv e  mass sp e c tra  w ith
35c h a r a c te r i s t i c  io n  c lu s t e r s  due to  th e  r e l a t i v e  abundance of Cl and 
37Cl iso to p e s  found in  n a tu re  in  a  r a t i o  o f 3 to  1 . S ince the  s ta b le
12 13iso to p e s  o f carbon , C and C, a re  found in  a r a t i o  o f 99 to  1 , th e  
mass of carbon may be co n s id e red  c o n s ta n t in  o rg an ic  m olecules con­
ta in in g  carbon and c h lo r in e  as  in  th e  case  o f  M irex. I f  th e  base  mass 
of a ch lorocarbon  i s  tak en  a s  X, then  th e  number o f  prom inent peaks 
due to  iso to p e s  of c h lo r in e  w i l l  be (X+2), (X+4), e tc .  Beynon (1960)
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dem onstrated  th a t  th e  number o f th e se  peaks in  th e  ion c lu s t e r  equaled  
th e  number o f  c h lo r in e  atoms p re se n t in  th e  fragm ent. Based on th e  
p ro b a b i l i ty  o f  c h lo r in e  iso to p e  o ccu rren ce , Beynon has c a lc u la te d  the 
r e l a t i v e  i n t e n s i t i e s  o f th e  prom inent peaks fo r  m olecules c o n ta in in g  
up to  e ig h t  c h lo r in e  atom s. Uk e t  a l .  (1972) more r e c e n t ly  has 
extended th e se  c a lc u la t io n s  to  in c lu d e  m olecules up to  tw elve c h lo r in e  
atom s.
The m ajor frag m en ta tio n  p roduct o f M irex, l a ,  m/e 270, i s  e v id en t
from th e  c h lo r in e  iso to p e  c lu s te r  a t  m/e 270 in  F igure  13. The r a t i o
o f peaks acco rd in g  to  Beynon i s  in d ic a t iv e  o f a compound c o n ta in in g  6
c h lo r in e  atom s. The iso to p e  c lu s te r  a t  m/e 235 (F igure  13) re p re s e n ts
+
frag m en ta tio n  of a  c h lo r in e  atom from la  y ie ld in g  lb ,  C,-C1,-. The 
r e l a t i v e  abundance o f iso to p e s  a t  m/e 235 i s  a lso  c o n s is te n t  w ith  
Beynon's c a lc u la t io n s  fo r  o rg an ic  m olecules c o n ta in in g  f iv e  c h lo r in e  
atom s.
F ig u re  12 re p re s e n ts  th e  mass spectxum of b o th  Peaks 7 and 8 s in ce  
t h e i r  mass s p e c tra  a re  id e n t i c a l .  Peak 7 i s  th e  m ajor p h o to ly t ic  and 
gamma i r r a d i a t i o n  p ro d u c t (IIB  or IIC , p . 60) o f M irex. T his a s s ig n ­
ment i s  in  agreem ent w ith  th e  m ajor p roduct o b ta in ed  by A lley  e t  a l .
(1973) from p h o to ly s is  o f M irex. Peak 8 i s  ob ta in ed  only from th e  
gamma r a d ia t io n  s tu d y . Fragments la  and lb  a re  p re se n t in  th e  mass 
spectrum  (F ig u re  12) in d ic a t in g  th a t  h a l f  the  o r ig in a l  m olecule o f 
M irex escaped i r r a d i a t i o n .  There i s ,  however, an iso to p e  c lu s te r  a t  
m/e 236, C^C1^H+ (2a) re p re s e n tin g  a monohydro d e r iv a t iv e  o f M irex 






Compound IIA  re p re se n te d  by Peak 8  has  been o b ta in ed  by D i l l in g  
e t  a l .  (1967) from th e  base  c a ta ly z e d  r e a c t io n  o f  Kepone (IA, p. 60 ) ,  
th e  k e to  d e r iv a t iv e  o f  Mirex, to  t h e  co rrespond ing  a lco h o l  (IB) , f o l ­
lowed by subsequent c h lo r in a t io n  w ith  PCl^ to  y i e l d  th e  monohydro
d e r iv a t iv e ,  IIA . Unambiguous s t r u c t u r a l  p ro o f  was a f fo rd e d  by n u c le a r  
*
magnetic resonance s p e c t r a  and in f r a r e d  s p e c t r a .  D i l l in g  e t  a l .  (1967) 
a lso  i s o l a t e d  an o th e r  monohydro d e r i v a t iv e ,  e i t h e r  IIB o r  IIC ,- from 
th e  re d u c t io n  o f  Mirex w ith  l i th iu m ,  w a te r  and dry i c e ,  b u t  NMR and 
IR s p e c t r a  d id  n o t  o f f e r  s u f f i c i e n t  ev idence to  allow  d e f i n i t e  
s t r u c t u r a l  assignm ent.
A lley  e t  a l .  (1973) re p e a t in g  th e  work o f  D i l l in g  e t  a l .  (1967) 
i s o l a t e d  both  compounds IIA  and IIB o r  IIC . The p h o to ly t i c  s tu d ie s  
performed by A lley ,  however, d id  n o t  produce IIA  (peak 8 ) o r  th e  o th e r  
compound, IIB o r I IC , o b ta in ed  by chemical r e d u c t io n  o f  Mirex. As 
A lley  p o in ted  o u t ,  Mirex has only th r e e  n o n eq u iv a len t p o s i t i o n s ,  i . e . ,  
compounds IIA , IIB and IIC  a re  th e  only th r e e  monohydro d e r iv a t iv e s  
t h a t  can be o b ta in ed  from Mirex. S ince  th e  two compounds which A lley 
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d e r iv a t iv e  which he ob ta ined  by p h o to ly s i s ,  A lley reasoned t h a t  Peak 
7 must be th e  only  monohydro d e r iv a t iv e  n o t ob ta ined  by chem ical means.
Peak 7 may be a ss ig n ed  th e  s t r u c tu r e  IIB: 1 ,2 ,3 ,4 ,5 ,5 ,6 ,7 ,8 ,1 0 ,1 0 -
2  ft 3 9  a ft
undecach lo ropen tacyclo  [5 ,3 .0 .0  * .0 ’ .0  * ] decane, o r  IIC: 1 ,2 ,3 ,
4 , 5 , 5 , 6 , 7 , 9 , 1 0 , 10-undecach loropentacyclo  [ 5 .3 .0 .0 ^ ’^ .0^ *^ .0^ *® ]-
d ecan e .a Peak 8  i s  s t r u c tu r e  IIA: 1 ,2 ,3 ,4 ,5 ,5 ,6 ,7 ,8 ,9 ,1 0 - u n d e c a c h lo ro -
2 6  3 9 4 8pentacyclo  [ 5 .3 .0 .0  ’ .0 * .0  ’ ] decane s in ce  i t s  mass spectrum and 
r e t e n t io n  time a re  i d e n t i c a l  w ith  th e  a u th e n t ic  sample o f  IIA ob ta ined  
from A lley  (Table 8 ) .
Peaks 5 and 6  were ob ta ined  by bo th  types of r a d i a t i o n  and found 
to  be iso m er ic .  I so to p e  c l u s t e r s  a t  m/e 236 (C^Cl^H*^, 2 a ) ,  m/e 202 
(C^Cl^fl^*, 2 b) and m/e 2 0 1  (CjCl^H+ , 2 c) in d ic a te d  th a t  the p a re n t  com­
pounds were unsymm etrical d ihydro d e r iv a t iv e s  o f M irex, i . e . ,  bo th  
hydrogens s u b s t i t u t e d  on th e  same cy c lo pen tad iene . The m/e 202 (2b) 
seemed to  be th e  p a re n t  fragment from F igure  11 s in ce  i t  r e p re s e n te d  
the  most in te n s e  ion  c l u s t e r .
L -
\
" “ C , 1 0 ^ 2  * K l b , 2 a ,  Q J  [ T j J
2b 2c
S t r u c t u r a l  assignm ents  fo r  a l l  i r r a d i a t i o n  products  of Mirex a re  given 
in  the Appendix, F igu re  I ,  p . 80.
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S t r u c tu r a l  assignment of d ihydro d e r iv a t iv e s  o f  Mirex was s im p l i ­
f i e d  somewhat s in ce  A lley  e t  a l .  (1973) dem onstrated  t h a t  th e  monohydro 
d e r iv a t iv e  o f  Mirex was a p recu rso r  of th e  d ihydro  d e r iv a t iv e .  The 
d ihydro  d e r iv a t iv e s  a f fo rd ed  by IIA can be e l im in a te d  as  p o s s ib le  com­
pounds t h a t  lead  to  Peaks 5 and 6  because IIA was i s o l a t e d  only from 
th e  gamma r a d i a t i o n  s tudy . Since Peaks 5 and 6  appeared in  both  the  
UV and gamma r a d i a t io n  s tu d ie s ,  IIA could  n o t  be t h e i r  p re c u rso r .  
T h e re fo re ,  th e  compound re p re s e n te d  by IIB or IIC i s  th e  only monohydro 
d e r iv a t iv e  t h a t  could produce th e  dihydro  d e r iv a t iv e s  (Peaks 5 and 6 ) .  
The s t r u c t u r a l  p o s s i b i l i t i e s  fo r  Peaks 5 and 6  a re  p resen ted  below 








Remembering th a t  Peaks 5 and 6  a re  d e r iv e d  from one monohydro 
d e r iv a t iv e  (IIB  or IIC) and give i d e n t i c a l  mass s p e c t r a  (F igu re  11), 
then  th ese  four p o s s i b i l i t i e s  may be reduced to  only  IIIA  and I I IB .  
Compounds I I IC  and IIID  could n o t y i e ld  io n  fragment 2a, m/e 236, 
C5 CI5 H*" which i s  p re se n t  in  the mass s p e c t r a  o f Peaks 5 and 6 . 
Moreover, I I IC  and I I ID ,  a lthough y ie ld in g  i d e n t i c a l  mass s p e c t r a ,  
cannot be d e r iv ed  from the  same p re c u rso r  (IIB  c>r I IC ) .
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Peak 4 was ob ta ined  by UV i r r a d i a t i o n  as  w e l l  as  gamma i r r a d i a ­
t i o n .  The r e te n t io n  time fo r  Peak 4 (Table 8 ) was c o n s is te n t  w ith  
t h a t  o f  th e  dihydro d e r iv a t iv e  of Mirex o b ta in ed  by A lley  e t  a l .  (1973) 
du ring  p h o to ly s is .  The mass spectrum o f  Peak 4 (F igure  10) demonstrated 
t h a t  the  molecule was purely  symm etrical s in c e  major iso to p e  c l u s t e r s  
appear only a t  m/e 236 (C^Cl^H*, 2a) and m/e 201 (C5 CI 4 H*", 2b) in d ic a ­
t i n g  t h a t  the  p a ren t  molecule was e i t h e r  IVA or IVB. A lley  ru le d  out 
1VC and IVD as p o s s i b i l i t i e s  on th e  b a s i s  o f  NMR d a ta  s in ce  the dihydro 
d e r iv a t iv e  demonstrated more symmetry th an  th e  monohydro d e r iv a t iv e .
In  a d d i t io n ,  th e  IR sp e c t ra  o f  th e  monohydro d e r iv a t iv e  (IIB  or IIC) 
and the  dihydro d e r iv a t iv e  (IVA or IVB) co n ta in ed  3 a b so rp t io n  bands 
c h a r a c t e r i s t i c  o f  C-H bond s t r e t c h in g  and bending  modes which were 



















Another d ihydro  d e r iv a t iv e  which could g ive  th e  same mass spectrum 
as Peak 4 i s  V, however, an a u th e n t ic  sample o f t h i s  m a te r ia l  ob ta ined  
from A lley  gave a r e t e n t io n  time r e l a t i v e  to  Mirex o f 0 .53  (Table 8 ) ,  
which d id  n o t agree w ith  the  r e t e n t io n  time o f  any photoproduct or 
gamma i r r a d i a t i o n  p roduct ob ta ined  in  our s tu d i e s .
Peaks 1, 2, and 3 a re  probably o th e r  d ihydro  d e r iv a t iv e s  o f Mirex. 
I d e n t i f i c a t i o n  o f th e se  compounds was no t p o s s ib le  s in c e  t h e i r  con­
c e n t r a t io n s  were too low to  be d e te c te d  by flame i o n iz a t io n  gas chro­





Samples of c raw fish  and eggs c o n ta in in g  r e s id u e s  o f  Mirex from 
exposure o f c raw fish  and M allard Ducks to  Mirex b a i t  were su b jec te d  
to  therm al p rocess ing  and i r r a d i a t i o n  w ith  u l t r a v i o l e t  l i g h t  as w e ll  
as gamma r a d i a t io n .  E le c tro n  c a p tu re  gas chromatography was employed 
to  m onitor Mirex r e s id u e s  during  th e se  p ro c e s s e s .  Thermal p ro cess in g  
had no e f f e c t  on Mirex re s id u e  le v e l s  bu t  UV and gamma r a d ia t io n  
caused lo sse s  o f 36 and 64%, r e s p e c t i v e l y ,  in  Mirex re s id u e  le v e l s .
D e r iv a t iv e s  o f Mirex produced by UV or gamma r a d i a t i o n  were 
s e p a ra te d  by gas chromatography and i d e n t i f i e d  by mass spectrom etry  
and r e t e n t io n  time d a ta .  Seven p ro d u c ts  were ob ta in ed  from p h o to ly s is  
of Mirex. One monohydro d e r iv a t iv e  (IIB  or IIC) and th re e  d ihydro 
d e r iv a t iv e s  ( I I IA ,  I I IB ,  and IVA or IVB) were ass ig n ed  t e n t a t i v e  
s t r u c t u r e s .  E ig h t p roducts  were o b ta in ed  from gamma r a d i a t i o n .  Three 
dihydro  d e r iv a t iv e s  were i d e n t i c a l  to  th o se  o b ta in ed  in  the  UV study 
(IIIA-IVB) as w e l l  as one monohydro d e r iv a t iv e  (IIB  or I I C ) . Another 
monohydro d e r iv a t iv e  was ob ta ined  w ith  gamma r a d i a t i o n  only and i t s  
i d e n t i t y  (IIA) was dem onstrated u n e q u iv o c a l ly .
Compound IIA has been shown to  p o ssess  g r e a te r  p e s t i c i d a l  a c t i v i t y  
a g a in s t  chewing in s e c t s  than Kepone, the  ke to  analog  o f Mirex (G i lb e r t  
e t  a l . ,  1966). The t o x i c i t y  o f  th e  mono and dihydro  d e r iv a t iv e s  of 
Mirex to  mammals has  n o t y e t  been e s t a b l i s h e d .  Gibson e t  b1 »  (1972), 
however, r e c e n t ly  re p o r te d  t h a t  a monohydro d e r iv a t iv e  of Mirex (IIB 
or IIC) o b ta ined  from p h o to ly s is  o f  Mirex e x h ib i te d  r e s u l t s  s im i la r  to  
Mirex when adm in is te red  o r a l ly  to  r a t s .  The photoproduct produced a
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g r e a te r  amount of u n e x tra c ta b le  and water so lu b le  m a te r ia l  than  did 
Mirex under s im i la r  co n d it io n s  in d ic a t in g  t h a t  the photoproduct might 
be s u s c e p t ib le  to  m etabo lic  a t t a c k  by th e  r a t s .  F u r th e r  re se a rc h  
should  be i n i t i a t e d  to  a s c e r t a i n  th e  environm enta l impact o f  the 
d e r iv a t iv e s  of Mirex on b io lo g ic a l  system s.
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APPENDIX
Table I
A n a ly s is  o f  Variance o f  Mirex Residues in  Crawfish A fter
Thermal P rocess in g  (121°C, 15 p s ig )  fo r  13 M inutes.
Source d . f . SS MS F
T o ta l 15 1 . 6 6
Treatment 1 0 . 0 2 0 . 0 2 0.02 NSa
E rro r 14 16.6 1 . 1 0
aNS (Not s ig n i f i c a n t  a t  the  0.05 le v e l  o f  p r o b a b i l i t y )
Table II
A n a ly s is  o f  Variance o f  Mirex R esidues in  Crawfish A fter
A utoclaving (124°C, 18 p s ig )  for  2 and 6 Hours.
Source d . f .  SS MS F
T o ta l  23 1.74
Treatment 2 0 .05 0 .03 0.03 NS
E rro r  21 1.68 0.08
Table I I I
A n a ly s is  o f  Variance o f  Mirex Residues in  Eggs A fter
A u toc lav in g  (124°C, 18 p s ig )  for  2 and 6 Hours.
Source d . f . SS MS F
T o ta l 23 8.15
Treatment 2 1 . 0 1 0.50 1.48 NS
E rro r 2 1 7.14 0.34
Table IV
A n a ly s is  o f  Variance o f  Mirex Residues in  Crawfish After
UV Ir r a d ia t io n  for 12 and 24 Hours.
Source d. f . SS MS F
T o ta l 23 6.90
Treatm ent 2 0.16 0 .08 0.25 NS
E rro r 2 1 6.74 0.32
77
Table V
A nalys is  of V ariance o f  Mirex Residues in  Eggs A fte r  
UV I r r a d i a t i o n  fo r  24 and 48 Hours.
Source d . f . SS MS F
T o ta l 1 1 1.65
Treatment 2 1.53 0.77 60.35**
1 vs 3a 1 1.53 1.53 153.00**
E rro r 9 0 . 1 1 0 . 0 1





A nalys is  o f  V ariance o f Mirex Residues in  Eggs a t  V arious 
Dosages o f Gamma R ad ia t io n .
Source d . f . SS MS F
T o ta l 43 142.28
Treatment 4 126.16 31.04 65.12**
1,2 vs 4 ,5 a 1 109.82 109.82 2 2 1 . 1 0 **
E rro r 39 18.59 0.50
M u l t i p l i e r s  fo r  l i n e a r  comparison ob ta ined  from Snedecor and 
Cochran (1967).
**(P < 0 .01)
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Table VII
G lossary of Trade Names and Chemical Names o f P e s t i c id e s  C ited  in
T his  Study.
A ld r in   1 , 2 ,3 , 4 ,1 0 , 10-Hexachloro- 1 , 4 , 4 a , 5 , 8 , 8 a-hexahydr o- end o-
exo- 1 , 4 , 5 , 8 -d im ethanonaphthalene
Captan   N -( tr ic h lo ro m e th y l th io ) -4 -c y c lo h e x e n e - l ,2 -d ic a rb o x im id e
C h lo rd an e . . l ,2 ,4 ,5 ,6 ,7 ,8 ,8 - 0 c t a c h l o r o - 3 a ,4 ,7 ,7 a - t e t r a h y d r o - 4 ,7 -  
methanoindan
p , p 1 -DDD.. .  1 , 1 - d ic h lo r o - a , 2- b l s -(P -c h lo ro p h e n y l)e th a n e
p , p 1 -DDT. . .  1 ,1 ,1 - t r i c h lo r o - 2 ,2 - b i s - (p - c h lo ro p h e n y l ) e th a n e
D i e l d r i n . . .  1 , 2 ,3 , 4 ,1 0 , 1 0 -H e x a c h lo ro -6 ,7 -e p o x y - l ,4 ,4 a ,5 , 6 , 7 , 8 , 8 a- 
o c tahydro -endo-exo- 1 , 4 : 5 , 8 -dim ethanonaphthalene
Endosulfan . 1 , 4 ,5 , 6 , 7 , 7 -H exach lo ro -5-norborene-2 ,3 -d im ethano l c y c l ic  
s u l f i t e
E n d r in   1 , 2 ,3 , 4 ,1 0 , 1 0 -H e x a c h lo ro -6 ,7 -e p o x y - l ,4 ,4 a ,5 ,6 ,7 ,8 , 8 a-
oc tahydro-endo-endo- 1 , 4 : 5 , 8 -d im ethanonaphtalene
H e p ta c h lo r . 1 , 4 ,5 , 6 , 7 , 8 ,8 a -H e p ta c h lo ro -3 a ,4 ,7 , 7 a - te t ra h y d ro -4 ,7 -  
methanoindene
H ep tach lo r . 1 , 4 , 5 , 6 , 7 , 8 , 8 a -H ep tach lo ro -2 , 3 -epoxy-2 , 3 , 3 a , 4 , 7 , 7 3 - 
Epoxide hexahydro-4 , 7-methanoindene
K e l th a n e . . . 1 ,1 -b is (p -c h lo ro p h e n y l ) - 2 , 2 , 2 -T r ic h lo ro e th a n o l
L in d a n e . . . .  1 ,2 ,3 ,4 ,5 ,6 -H ex ach lo ro cy c lo h ex an e
M ethoxy-.. .  1 , 1 , 1 -T r ic h lo ro -2 , 2- b i s (p-m ethoxyphenyl)-ethane 
ch lo r
P a r a th io n . . 0 ,0 -D ie th y l-O -p -n i t ro p h e n y l  p hosphoro th ioa te
P e r th a n e . . .  1 , 1 -D ic h lo ro -a ,a -b is (p -e th y lp h e n y l)e th a n e
9  i n  3 7  r  q
P h o to -   3 ,4 ,5 ,6 ,6 ,7 -H e x a c h lo ro p e n ta c y c lo (6 .4 .0 .0  ’, .0 ’ .0 ’ )
a l d r in  d o d e c - l l -e n e
P h o to -   3 , 4 , 5 , 6 , 6 , 7-H exachloro- 12-oxahexacyclo(6 . 5 .0 . 0 ^ ’ . O'*’ ^ .
d i e l d r i n  0 *>9 . 0  »^ ^ ) t r id e c a n e
Telodr i n . . .  1 , 3 , 4 , 5 , 6 , 7 , 8 , 8 - 0 c ta c h lo ro - 1 , 3 , 3 a , 4 , 7 , 7a-hexahydro-4 ,7- 
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Figure  I .  Schematic Diagram of the I r r a d i a t i o n  Products of Mirex.
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